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- IDENITIFICATION}AUDIOMETRY L
IN CONNECTICUT

The purpose of identif?cation audiometry in the schools is to
.'detect*those ~*ildren whd may be educationally handicapped by hearing
loss. It is the cornerstone upon which the hearing conservation pro-

gram of a scheol district is built. As stated by the National Confer- ..

" ence on ldentification Audiomatry (Darley, 1961),

. the goal is to Tocate children who have ’
even minimal hearing problems so that they can be
referred for medical treatment of any active ear
conditions discovered to be present and so that
remedial educational procedures can be instituted
at the earliest possible date. Programs should be
designed to identify not only children with a chronic
disability but alsc children who have difficulty
during only certain times of the year-or under cer-
tain conditions. The period when a child may not be
hearing well (as during a respiratory illness or dur- .
ing a season with high pollen-count) and conse-
quently be functioning at a low level may be Just the

- time when social and educational demands on him are

great. a

Identification audiometry 1hv01ves a considerable expenditure
of professional time and equipment resources by school districts.
The few exisfing studies on the accuracy of identification audi-
ometry (Melnick, et al., 1964; Wilson andjhalton, 1974), have shown
that through careful attention to equipment calibration, monitoring
of ambient noise levels in the testing environment, and the train-
ing and preparation of all testing and support personnel, the hearing

status of elementary schbo] children may be correctly Categprized»*

95 percent of the time.




NATIONAL PREVALENCE.OE HEARING IMPA%RMENT — .

‘In an identification audiometry study of 7800 school-age chil-
dren’ in the Renton, Washington, School District, Walton and ﬁ}]son
« . (1972) found the following percent fai]uresvon ini%ia] screening: 3
. 'kindergarten-14.8 percent, fifst grade;13.2 percent, Séeond grade-
a - 14.2 pérceht, third gradeF9.7 percent; fifth grade-9.5 percent,
o ) ”eighth grade-11.4 percent, eleventh grade-13.5 percent.. Melnick,
| et al., (1964) reported that 20.4 percent of 860 schoo1;age children
' fai]ed‘an initial puretone screening. It is noteworthy that tke
children tested by the latter authors werevfami]iar with the testing . o

procedures and were examined in specially pre6a¥ed3 sound-isolated

environments.

| In 1972, Gallaudet College published the results of a national
survey of state idéntifigatioh éudiometry programs and special edu-
cational services for hearing impaired children and youth in the
United States kGenti]e, 1972). Twenty-three states reported suf-

ficient data to bermit the following extrapolations:
_ (1} The median percent failing buretone screening
M ) equaTed 7.6, with a range of 4.6 to 29.6 percent.

(2) The median percent failing puretone threshold
testing was 4.1, with a range of 2.8 to 6.1 percent.

(3) The median pércent referred for medical manage-
ment was 2.6, with a range of 1.4 to 8.2 percent.

CONNECTICUT PREVALENCE

~ Data on Connecticut's identification audiometry programs were @




unavaifeble at the time of the Gai]auﬂet study. Subsequently., a Sur-
vey of the health services provided in Connecticut Schools during the
]972-1§73.sch001 year was conducted“bx,the Departments of Health and
Education. Reports,on?auditéry screening were received from fifty;

six towns, représenting 111,844 school-age chi]dren.

Contrast1ng with the med1an va]ue, reported for the nat1on, the
percent fa1]1ng puretone screening in Cynrecticut ranged from 1 per-
cent to 30 percent with a median,of 4.7 percent. The percent failing
threshoid‘teSting was 2.2, and—tﬁe median héFEeEI re%erred to phy%ic;ans
_was 1.5. Repofted]y, testing was conducted at-the following freeuen--
.cies and hearing levels (IS0): . 250 Hertz (Hz), 25 dB; 500 Hz, 25 dB;..
1000 Hz, 20 dB; 2000 Hz, 20 dB; 2000 Hz, 30 dB. .’Available space
was ut111zed with no provision for sound 1so1at1on —

Cons1der1ng the frequencies. and hearing Tevels employed and the
lack of sound isolated test environments, it is remarkable that so
few failed. The single report of 30 pereeﬁt failure is also of con-
cern. Too low a persent failure suggests a high false-negative cate-.
gory (and under referral for medicel and educationa1 attention),
whereas fhe report of 30 percent feilu ¢ suggests a hidh.fa1se-positive
“category (and over referra]). Both are causes fof concern as to the
validity of the identification audiometry being conducted. ‘As expressed
by many of the nurses'and the speech and hearing-clinicians involved in

the testing, the identificafioh programs suffer for want of'proven

models.

3

Local attitudes in Connecticut differ as to‘whether an identification




N
aud1ometry program should focus on the deteCt1on of those ch11dre\\\\v

needing medical attention or on those needing educational attent1on
A

Because of the preya1ence of m1dd1é-ear patho]og1es among ch11dren
\

~in the primary grades and the frequency w1th which such cond1t1ons

v

“eventually affect puretone sens1t1v1ty, 1dea11y a modeﬂ program shou1d )
include provision for both. Having prev1ous1y examined the accuracy

of the American Speech and Hearing Association's (ASHA) gu1de11nes

for auditory screehing programs in schools (Chaik11n,~_t__l,, 19755rq
Wilson and waiton, 1374),‘and considering the works of Rehdolph (1974),
: Renva11 135’__ (1973), and Brooks (1968, 1969, 1971a,‘1971h, 197§; >,
1974) on the use of tympanometry with school children, it was con-'\i
cluded that Jo1n1ng tympanometry w1th the puretone procedures oht-
lined in the ASHA gu1de11nes would prov1de the-basis for a. compre-

”

hensive, viable model.

‘o

Q




DEFINING THE PROBLEM

-

~ Because of quéstiondb]e reliability and va]idjty, current iden-
tification audiometrx,programs:in Connecticut are suspect. Based on
national prevalence data, it is probable that many'primary age chil-
dren with potentially educationally handicapping hearing impairments
are not being identified in oider that appropriate educational and

medical attention may be obtained. Subordinate to this major problem,

nine specific prob]ems were defined and addressed:
- " SUBORDINATE PROBLEM - 1
. ’ Lacking a specific mandate for, and specification regarding pure-
tone {dentificafion audiometry in schools, current procedures employed
in Connecticut lack coordination and discipline, resulting in a ser-
ious under-identification of chiidren with poten@ia]]y educationally

handicapping hearing\impairments. 7

<5

~ Background . y
P

, Identifiéation audigmetry is conducted %n Connecticut.schoo1s
under Sec%ion.10-205 of £he General Statutes which mandates broadly
that every chj]d receive a physical examination at’least once in each
three-yeér.{ﬁterval. ° 1
Puretone identificaiion audiometry procédures.adapted to the needs
and facilities typical of the public schoo]S’were developed by the Amer-

. ican Speech and Hearing Association (Chaiklin, g;_gl.,'1975) and the

accuracy of these procedures were eétablished by Wilson and Walton (1974). .

z
'
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' : |
Procedures |
The procedures developed by ASHA for conducting puretone iden-
tification audiometry programs in schools were applied in a feasibil-

ity study of their applicability to Connecticut.

Measures

Pass/fail ratios per grdde level were compared to like data re-

ported elsewhere (Wilson and Walton, 1974; uentile, 1972; Melnick; gg

1964).
\ | - .

.-_.‘\___‘__.‘... [

Goal ' -

plus 3 percent of national prevalence statistics.

2

SUBORDINATE PROBLEM - 2
Puretone air conduction audiometric proéedures generally are in-

effective in detecting mild, conducive hearing impairments.

¢

Backgreund . p

-

Children with "sub-clinical” losses in hearing sensitivity re-

al.,

\ The goal was to obtain pass/fail ratios within minus 1 percent and

sulting from abnormal middle ear conditions'may be undetected by con- ‘

ventional audiometric testing .techniques (Eagles, 1972). Use of bone

conduction audiometry is precluded by a lack of skilled personnél and

“sound isolated test environments. w
ou | t g

Procedures.

Tympanometry was employed as an objective technique for pscértain-

ing middle ear status.

-




Measures

J:?ydle ear pressure and compliance values obtained during a mass
heariffg screening program were compared to relevant data in the lit-

erature.
&

Goal

The goal was to determine the pressure and compliance values suit- | .

able for recommendation as pass/fail criteria for children included in ' i

mass screening programs employing tympanometry.

SUBORDINATE PROBLEM - 3
Personnel responsible for testing lack formal training aﬁd guidance
'fn appkOpriate“prggeqqrgs_apd frequently utilize aides and volunteers

in the actual execution of .the puretone audiometry.

Background

"State regulations and/or\guide]ines‘specifying,the qualifications
necessavy to gonduct identificatfon aUdiometfy programs in schools
do not exist. Personnel involved in the screening procedures need

instruction and guidance in the operation of equipment, the factors “

%

affecting reliability and validity of test results, and direct super-

vision in perfection of technique.

Procedures
A1l testing personnel included in the project received from eight
£o 12 hours of direct instruction in audiometric and tympanometry

testing procedures. In addition, project audiologists provided

14




"on-1ine" supervision and guidance during the course of the testing

phase in order to assure that uniform test protocols were followed.

Measures '

Measures of the effects of training were (1) observation of per-
formance during the tra1n1ng and testing phases, (2) the number of
personnel adopting the procedures presented, (3) the number of per-
sonnel completing the training phase and (4) the acceptance of the

procedures as reported in an opinion ‘survey.

Goal

The goal was adoption of the recommended procedures by a minimum

~. of 50 percent of those completing training.

SUBORDINATE PROBLEM - 4 _
Educationally and medically significant hearing impairments in
school-age children are not- being identifiéd;'thus,comprehensive edu-

cational and medical attention is not received.

Background
A composite mpde] including pufetonekaudiometric and tympano-'

metric techniques has not been field tested to determine the practi-

e ——~eabiHHty-of-such-for general utilization. ‘ o

£
Procedures ‘.

A compos1te mode] for 1dent1f1cat1on of hear1ng impaired ch11dren

in é]ementary schools, ut1]1z1ng both puretone audiometric and tympan-

ometric procedures was field tested in selected communities in Connecticut.




Measures

Measures of the practicability of the combined model inciuded.(])
" use of a questionnaire tc determine professional acceptance of the
model, (2) measures of the time required per child for_both types of
testing, and (3) measures of the total number of children tested per

time period allocated to each participating town.

Goal
The goal was to determine the~pra¢ticabi]ity of the model and to

~ have it adopted by at least two of the six communities which partici-.

Eﬁted in the study.

SUBORDINATE PROBLEM - 5
Excessively time consuming audiometric screening programs disrupt

class and school routines, impairing pub]ic'and professional acceptance.

Background ‘
Rapid and accurate identification procedures: are needed in. order
that attention may be obtained quickly and supportive attitudes de-

veloped.

Procedures

”“WW“‘TU“?édﬂté”thE“tégting“timEjrequTred;vafdesvand’voTunteerS”weré*-*'~~ B
used for traffic management, data récording, and as -integral members

of coordinated test}ng teams. The teams were composéd of aides -and

~ volunteers, nurses and speech and hearing personnel (who performed the

aetua1Ltesting)réandaat—}eastvone_membewgoi_theflAMlgsupervisory<5taff




s

Measures

P

Efficiency %as determined by the time required per child for both

tympanometry and puretone screening, as well as the total number of

children tested per day, per sEhoo]. Measures of accuracy were the

~agreement between pass/fail ratios obtained in this study and the

data in the literature for similar testing procedures.

gg_@.].,_{;_. | ' ' ' ) ) ' /

Given that all Kindergarten, first, second, third and fifth-grade
pupils were to be tested from a minimum of five schools per partici-

pat1ng town, the goa] was to test an average of one cn1]d per m1nute

utilizing three teams simultaneously.

SUBORDINATE PROBLCM - 6

Normat1ve data do not exist for the pass/fa1] ratios or the pres-

“sure and comp11ance va]ues ‘to be expected from a comb1ned puretone-

tympanometry screen1ng<mode1.

Background

o

&

A broad, normat1ve data base for a comb1ned puretone tympanometry

model is needed in order that stat1st1ca1]y Just1f1ab1e and practicable

j cr1ter1a may be estab]1shed fpr d1ffer1ng e]emenfary grades, sexs

socio-economic levels; and ethn1c/rac1a] compar1son§.

Procedures

The necessary data base was provided by six Connecticut commurii-

~ties with at least five elementary-schools per uummuuity.'

4
Lo
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st

..puretone screening will pass when re-screened within a'seven-day

period. Such data do not exist for a combined puretone-tympanometry

Measures
The percent ethnic disfribution, the choice of schools and towns,
and the total number of elementary school children per grade were

measures empioyed to determine the composition of the data base. -

Goal

The goal was to obtain a data base representative of the various

populations within Connecticut.

SUBORDINATE PROBLEM - 7

Melnick, et al. (1964) and Wilson and Walton (19757—Tﬁdependent1y

——

have stated that approximately 50 percent of those failing an initial

model.

Backgrdund ; ' ‘ ' ° | \

In order to reduce the percent of over referrals, it is neces-'

/

sary that the screen-rescreen pass/fa11 ratios for a combined puretone- .

V.

tympanometry model be determined.

Procedures

=Children: fa111ng e1ther a puretone screenTng or-a-tympanometrie e s

screening wreceived a re~screen1ng within seven ca1endar days.

Measures
The screen-rescreen pass/fail ratios for puretone screening and

tympanometry were determined.

8 »




Goal
The goal was to determine the reduction of false positives

‘resulting from a rescreening of all initial screen failures.

SUBORDINATE PROBLEM - 8
.Conductive hearing problems .are seasonally re]ated, yet ‘auditory

screening programs are often conducted throughcut the school year.

-

Background

Because of difficulties associated with the scheduling of personnel,

~'~————spate7—and—equ+pmeﬁt7—+t—+s~usua%%yﬂeens%dered~{nfeasib1ento compress
auditory screening into a limited number of days or weeks during the -

school year; yet seasonal effects upon the results are unknown.

Procedures
Approx1mate1y one-half of the total number of students were tested
»
during the Tate w1nter months and one- ha1f wére ' tested dur1ng the

spring months. - . . o . v

Measures
Pass/fail ratios per test were compared for the winter and spring

months.-'

- Goal
The ,goal was to determ1ne the relative effects ‘of these’seasons

on puretone and tympanometric screening conducted dur1ng the w1nter

and spring months.




SUBORDINATE PROBLEM - 9 v
1nordinate time lapses between the identification of a problem
and the initiation of educational and/or medical attention negates

the identification effort. v ,

Background

To minimize the time lapse between the identification of a child

at risk and the provision of appropriate. attention, efficient and

effective administrative procedures are needed.

Procedures

Proeedures were developed to inform the nursing and the speech and
hearing personne1 within two weeks of the conclusion ofvtesting as to
the performance of each child. "Scheduling constrﬁ?nts'restricted the
.t1me ava11ab1e for testing per town to a maximum of two weeks. There-
fore,. the greatest t1me lag between the initial screen1ng of a child and

]

the presentat1on of h1s results was approx1mate1y Four weeks

T : . . ‘ ) h

"Measures " R
@ o Measures were made of the time-lag between theieeﬁﬁTetton;Qfxtest-
ing and the presentation of the individual test results to the respon- \ T

sible district personnel.

Goal

. ‘The goal was that‘no more than fourteen calendar days ejapse

IS

between the‘comp1etion of-teStihg and the presentation of results.

>

oo
-
b9
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51east the academ1c requ1rements -for the. Cert1f1cate of C11n1ca1 Com-

AN APPROACH TO THE PROBLEM

PERSQNNEL

The TAMI project wasvadministered by representatives from six
school dietricts'in ‘cooperation with the members of the TAMI staff.
Each participating.district had a.centralvcoordinating committee com-
posed of at least one administratdr, a representative of the speech
and hearing staff, and a representative of the nursing staff. Anong
the cpmmittee'e reSponsibi1ities were: scheduling of the test days
and times, transferring'of equipment between schpo1s, coordinating
with school principals, arranging for training sess1ons, preparing
parental-release forms, and arrang1ng for and SUpenV1S1ng the test-
ing and volunteer personne]. “ | |

The TAMI staff consisted of a director, assistant director, and

several consu1t1ng aud1o1og1sts., Each member of the staffjheld'at

petence in Audiology from the American Speech and Hearing Associationg.

These\indfvidua]s worked in conjunction with a facilities coordinator

n who informed the projectbetaff of the physical arrangements and test-

1ng constraints at each of the schools. The staff's primary respon-

. sibility was to prov1de the 1nstruct1on and supervisjon necessary to’

assure un1form1ty in test1ng procedures within and between districts.
‘ Each district prov1ded nurs1ng and speech and hear1ng personnel

to. perform the test1ng A1des and volunteers were also prov1ded to

record data' manage traff1c, arrange fac111t1es, and ster111ze eart1ps.
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but in different schools for rescreening. Figure 3. 1 111ustratesﬁ

and rural populations, ethnic-racial distributions, and socio-economic

“levels. The specific choice of schools was made by the local super- .

L. . r
director. ' .2‘3 ' "

. ADMINISTRATIVE ORGANIZATION
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teams operatéd‘\Jmu1taneously in one school for initial screen1ng

the éqministrativeiorganiiatjon of the project,.and Table 3.1 pre-
sents, the numbers of persons invyolved fﬁpm each of the partieipating

districts, ' y : ' -

- .

UBJECTS
A total of 8,528 chz.dren from 32 e]ementary schools, represent-

ing six Connecticut towns, part1c1pated in the proaect. The towns

and schools were selected to represent a wide range of ufban-suburbén

visory-and administrative personnel in cooperatjon with the project




A11 children in the Kindergarten, first, second, and third grades
from the participating schools, who were present on the days of testing,
were included in the stﬁdy.“ In addition, some fifth-grade pupils and
a few pre-school and fourth graders were also jnciuded. In accord- ,
ance with local policy, parental permission was u§ua11y requfred;

With the exception ofAthose having known hearing problems, all chil-

dren received &udiometric and tympanometric screenings. Those having

et s

\\a record of myringotomy with tube insertion received only puretone (

screening and those with known sensokf—neura] losses received only

tympanometric screening. Of the total screened, 7,928'rece1ved both
. P ——— & .

puretoﬁé and tympanometric screenings, 512 received only a puretone

screening and 88 received only a tympanometric screening. Tables

~detailing the population by type of test, town, grade and. ethnic
.group are brgsented in Apperidix I, Table 7.1. - '

4
g

PARTICIPATING PERSONNEL

&

' o Speech & Hearing .

School District Clinicians ; Nurses | .Volunteers
R .8 .6 | 72
o2 7 4. | 75

. L |
3 10 - 10 45
4 16 3 " 53
5 * 5 ‘ 5 .65 ‘
6 13 B | L2
Totals - - 99 .;,v_ , 43| 382
“TABLE 3.1

2 '3 3 | ’
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EQUIPMENT
At least one week before testing began in a district, an initial
calibration check of all puretone audiometers was made by project
personnel to determine that the units met ANSI 3.6-1969 specifica-
- tions for frequency, intensity, and attenuator linearity. In addi-

tion, all audiometers were évaluated subjectively as to their mech-

anica] and electrical integrity. During testing, all audiometers were

checked daily for mechan1cc1 and e1ectr1ca1 1ntegr1ty, and were re-

i . The aud1ometer calibration equ1pment consisted of a Brue] and
Kjaer (B&K) Type 2209 Impu1se Prec1s1on Sound Leve1 Meter, a model
1613 Octave Band F11ter, a Type 4152 Art1f1c1a1 Ear, a Type 4144
""" .Condensor M1crophone, and a General Radio Mode 11928 frequency
counter. Intens1ty accuracy of the sound level meter was checked
with a B&K Type 4220 p1stonphone Samples of the calibration forms .
are 1nc1uded in Appendix I1I, Section 9.7. ” ‘ ’
Env1ronmenta1 no1se measurements in the rooms used for puretone
test1ng were made with a B&K Type 4144 condensor microphone, a Type
2209 Impu]se Precision Sound Leve] Meter and a Type 1613 Octave Band
Filter. To reduce vibratibn.bias, the equipment was monnted on-a
- B&K cripod Type 0649.: The measurements wefe made at>the appro*imate’
iocation of a chi1d{§ ear during‘testing. A copy of tne form used
for recording the noise lTevel measures is found in Appendix‘III,
Section 9.8. ' |
Foun American E1ectromedfcs (AE) Impedance Audiometers were used
during the proaect two AE model 81's and two AE model 83 s. To pro-

duce permanent tympanograms each 1mpedance audiometer was e1ectr1ca1Ty

24 . ,’}. | .’ .

X

s o




coupled to an AE model 612 dedicated XY Recorder. At mdst,-threetsets
of equipment operated simu]tanebus1y on any one day. Typically, the '
samegimpedance audiometer and recorder were pajred together.

A variety of makes and styles of eartips were used for b;ocuring

a‘hermefic ear-canal seal. Jerger (1970}, in a study of 400 patients,

and found that the latter type facilitated the establishment of an

* adequate seal. Richards and Kartye (1973) used soft plastic, hard
~ plastic and foam eartips. The results indicated comparable measure-

-ments of acoustic impedance compl}iance and auditory reflex thresholds'y

with all three types of tips. Soft and hard plastic, however, tended

“to produce more reliable compliance on test-retest than did~the foam

type. ~Braoks (1971a) reported that the depth of insertion of the

tip into the external auditory candl had no discerhab]e'inf1uence

on compliance values. : ' -

[N

TESTING FACILITIES

thh.the.understanding that thé TAMI model was for mass screen-
ing to be conduc%ed'withinha limited time pefiod, the supérvisors in
each districf were provided with:a set of’gufde1ines for the §e1ection
of fa;i1itiésvand instructed td chooSq rooms. which could accommodate
three tympanometry gnd.fouf puretoﬂe screéning°stationsiéimu1taneoysly

(cf., Appendix II, Section 8.1). A project consultant then visited

priate rooms. Speech clinicians and nurses, under the direction of

the school's principal, assisted in the selection.

8

Ay

-discontinued the use of hard rubber tips in the favor of silicon tips

@

' the'schoo15“1n each district to assist in the final se1ection'of7appro- '

2
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Room Size

-were. in close prox1m*ty

e

4.

In order to accommodate three tympanometry screening stations

simultaneously, a.room approximately 40' x 60' was selected. Gener-

ally, this was a gyﬁnaSium, auditOridm, cafeteria, or mylti-purpose
room. For puretone screening, avfac€1ity was chosen that provided

adequate space for four portab]e audiometers, such as a library or -

1arge c]assroom 0ccas1ona11y, the . puretone fac111ty was the audi-

N torxum stage which was separated from the main room by pane]s or

curtains.

, Loeetjqn of Room

Care was taken to locate the puretone testing‘in a room rela-
t1ve1y free of env1ronmenta1 noise, Thus, the room chosen was as

far as poss1b1e from sta1rways, p1ayground K1ndergarten cafeter1a,

‘or the gymnasium. ~Some of the fac111t1es ut111zed for puretone test-

L.

‘ing wou]dtbe,ﬁescribed as ‘adverse. Nevertheless, frequent monitoring

’

- of ambient noise levels ueing B&K Type 2209 sounu level: meter es-

tab11shed the adequacy of the env1ronments for puretone testing at

‘the 1ntended screening frequencies: 1000, 2000, and 4000 Hz.

Ygoince tympanometry is essentially unaffected by amb1ent no1se, :

- the: requ1rements for this room's lTocation were far 1ess critical.

However, for eff1c1ent traff1c managenent, genera]]y the two rooms

~
n K
’ol

»

Electrical Requ1rements B

JSuff1c1ent e]ectr1ca1 outlets were needed to meet the powet

.requ1rement§ of seven pieces of equipment 15 the tympancmetry room

t

£ . r
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, 5
and four pieces of equipment in the puretone facility without over-

loading any single circuit.

Furniture - : 1
Each of the three tympanometry stations required one large table
- (approximately 3' x 6') and four chairs. Each of the pu?etohe test-

stations required one 1arge’tab1e (or two desks) and- two chairs.

Additionally, two 3' x 6' tables w1th chairs were needed for reg1s-

- tration, form retrieval and m1sce11aneous data record1ng

'PROJECT EXECUTION

Coordination Phase o -

Several coordination and planning meetings were held by the
prqject's'centra] staff with 1:he’d-ist\r‘1'cts'| representatives before
any testing was begun. Packets eontaining samb]e forms for schedu1e'
deve10pmentlahd ieét administration procedures Qere distributed at
- .- these times. Examp]es of these forms are found in Append1x III, Sec-

tion 9.9. ‘Add1t1ona1 meetings were held by the project director with

school administrators to explain the purpose ofeihenproject»and the ——

- ————-—""procedures involved in puretone and tympanometric screening.

Training Phase

Rt % A one- day workshop was her 1'n each district-approximately one
week prior to the 1n1t1at1on of screening. Attendance Was‘required

- of7a11 speech and hear1ng c11n1c1ans, nurses, and parent vo]unteers
to be involved in the project. In all, 59 speech clinicians, 43

nurses and 352 parent volunteers participated in the wdrkshOps

- (Table 3.1).




“cedures. To reinforce the desired puretoné testing protocols, mimeo-

" Testing Phase

As an.introductiong the director explained the rationale for the
projegt, the roles of the participating personnel, ahd the apticipated
resu]ts,. A slide presentation on puretone screening, tympanometric
screéning,,and data recording procedures was used to clarify the.roles
of the testers and vo1qnteers‘and to pre§ent'soﬁe‘of the specific re-
quireﬁents of each task. The remainder of the firstfsession‘was spent

attempting;tordeve]op,uniform puretone screening and threshold pfo—

graphed oqtlines of ;he prbcedures to be fo]]dwedeere distributed
and time was'aliotted for demonstration"and questions‘and answérs
about the procedures (Appendix II, Sections 8.2-8.4)..

The purpose of the second session was to familiarize the testers
with thevequipment employed in tympanometry éné to standardize pro- '
cedures. A presentation on the theory of tympanometry was fd]iowed
by a demonstration of tympanometric scréening and individual b;ac-

standardized procedure, was distributed ﬁ@ppgggjxﬁlliﬂ§ggiighs~8+5=8~JQ.» ~~~~~ —

-

Personnel. A1l screening was the responsibility of the speech

clinicians and nurses of the local district, under the supervision of

the three consu]ting audio]ogisfs on the project.staff; Data.recofd-
ing, tfaffic”management and eértip sterilization were the respopsi-
cilities of.barent and/or student volunteers. Noise measurements

in the puretone screening areas were the responsibility of project

audiologists.




»Scheduling. The ecreening was carried out within each district
\ during a two-week period, and within a givenﬂschOo1~within tno days.
'10n the initial day approximate1y 300 students were screened audio-
,Hmetr1ca11y and tympanometr1ca11y at a rate of about one’ per minute
uS1ng three tympanometer- and two puretone aud1ometers s1mu1taneous]y |

The order of testing between puretone and tympanometry was reversed

for approx1mate1y one half of the total tested. A1l absentees and
those fa111ng to meet the pass criteria on either puretone or tympan-

ometr1c screening were re-scheduled for test1ng on the second day.

¥

A]] children who fa11ed the puretone screen1ng on the. second day re-

ce1ved an immediate- thresho]d test

)

Me]ntck, et al. (1964), and Wilson and Walton (1974) have demon-
o strated that the number of first-screen faxlures on puretone audiometry -
may be reduced 50 percent by rescreen1ng. Thus~”to reduce the number
of over referrals, the rescreening was accomp1lshed usually w1th1n

.-  three days after the 1n1t1a1 screen.ng. In two ‘districts, however, the-

__,_.,—«
i

first and second screen1ng days were separated.by seven days in order
to. saﬁp]é the screenfrescreen re11ab111ty of +ympanometr1c resu]ts

across| a }onger span of time. In these 1atter two districts, repeat
\

tympan Prams were recorded for: al] first and second graders
\ l

t

o~

~ o Tests Comp]eted ATl testing’was conducted between February 1st,

and Jurje” 15th 1974 Dur1ng this per1od more than 21,000 tests were
admin1 tered in a fota] of 57 days Of the tota] tests administered,
there er prox1mate1y 1 OOO'puretone screen1ng tests, 10,000

tympan etr1d screen1ng tests, and.1,000 puretone thresho]d tests.

w o ~ The meah number of puretone screening tests adm1n1stered per test -




~

day was 196, with a median of 199
~and a moda]_va]ue'of 274. The mean
number of tympanometric tests admin-
" istered per test day was 190, with a
’ median value of 191 and a modal val-
‘ue of 274. The mean number of
threshold tésts administe;ed per déy
was 27 withia median of 26 and a -

modé] value of 26.

" Puretone Screening. All audiometers were turned on at least one

half hour prior to the initiation of testing and were checked for

mechanical and e]ec%rica]tihtegrity. Puretone screening procedures
were the same on both the initiaj and the rescreen days.

. ‘Puretone screening~coﬁsistéd of checkingifor a response tdvpure-
tones of 1000, 2000 and 4000 Hz in each ear at a Tevel of 20 dB. HL at
1000 and 2000 Hz, and 25 dB HL at 4000 Hz (re: ANsl'standards).? In
practice, }he testers were instructed fo screen at 20 dB HL at all ‘ : .

’ frequehcigs. If the child did‘not respond‘to 4dQO‘Hz at that level, |
_thb Tevel was then iné;eagea to 25 dB HL'to detéfmine whether the
child passed or failed that frequency.

After ihstrucfing“thé child as to tﬁe'method of response, the‘eér—

phonés were positioned on the child's head and he was trained to re-

.spohd to a 1000 Hz tone at 40 dB HL. When necéssary, reinstruction




_was provided. With rare except1on the ch11dren were eas1]y trained.
After training, the tanal intensity was quick]y‘reduced to 20 dB HL =

~and the tone presented for 2- 3'seconds The ba51c procedure was then
repeated for 2000 and 40067H;‘1nwthe same ear, andéthen for 4000, N
2000_and']000 Hz:in'the opposite ear. A test ear-effect was controlled

for'by-alternating the-initial test-ear of each successive child.

,S1nce three presentat1ons were: perm1tted at each frequency, fail-

ure at one frequency was def1ned as a 1ac« of response to at jeast

two-of- three tonal presentat1ons Fa1]ure to respond to any one ofrﬁw
 the test frequenc1es, in e1ther ear, -necessitated a rescreen1ng Fai}J
. ure to meet “the same cr1ter1a at rescreenlngfnece551tated_a_thresho]d

test. All rescreening examinatfons Were performed within seven ca]-

: performed on the same day as thevrescreen1ng.

<y

‘Tympanométric Screening. Three tympanometric test teams aperated

simu]taneously in a gdven schoo].“ Each team consisted of two testers
drawn from the districts"nursing and speech and hearing staffs, one
parent, volunteer for data recording, and a supervisor from the project
staff. One tester obta1ned an ear-canal seal while the other operated
:the tympanometric equipment. By th1s means it was possible to t ,t -
one ch1]d per mindte per team and to prov1de 0pportun1ty for each
'tester to ga1n exper1ence and fac1]1ty 1n a]] facets of tympanometr1c B o
‘ screen1ng.' Other-vo]untee s were used for traffic management data
bchecking, and sterilizativi. of the eartips, The equfpment was arrangedr

and calibrated daily,hy‘themtesters,andwtheeproject staff. -




by a vo]unteer to one of the three teams.

“seal attempted.f-

<~

Each child to be tested was directed individually and arbitrari]y

One tester exam1ned the

- child's ears for superf1c1a1 wax and est1mated the size of the ch11d S

excernal aud1tory canal. Excess1ve wax at ‘the 1atera1 marg1n of the

canal was removed with sterile swabs. No attempt was made to remove

wax deep within the canal, or even to determine if it was present.

‘ There was' no systematic control for the order of ear to be teSted. A

sterile eartip was placed on-the tympanometer probe and a hermetic ‘

Almost a]ways -an a1r-t1ght seal was affected 1mmed1ate1y A

sea] was ‘considered acceptab]e 1f the need]e of the manometer he]d at .

- +200, or decreased by no more than 20 mm H20 w1th1n ‘ten_seconds,- afterv

1ntroduc1ng +2QQ mthzofequwva1ent a1r’preSSUre “inte tﬁe cana]

when o




difficu]ty was encountered in obtaining a~sea1,ﬂdiffereht sizes and

N styles of eartips were tried and the equipment checked for air-

pressure 1eaks, If a sga1 could not be Obfafned within. 60 seconds,
"could not test“ was recorded for-the part1cu1ar ear(s) and the child.

was scheduled for re-examination.

s

Tympanometry Pass/Fa11 Criteria. In1t1a1 pass/fail criteria used

during the proaect were based or. a rev1ew of data in the 11terature

where the se]ected pressure cut-off va]ues were found to range from -

. -80 mm of water.pressure to -200 mm, depending upon the population

studied. Renval'l et al., (1973) in a dua] pilot. study of 200 ears

of,seyeneyear-o1ds and-206 ears of - ten-year-olds cons*dered‘

" tympanogram as patho]og1ca1 when the peak occurred at pressures more

B e
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. Various sizes and shapes of eartips per-
mit an hermetic seal in-the ear canal.

A low frequency tone and air préssure/
vacuum are conducted via a metal probe.

v
} 4 S
R . ' Sterile eartip is placed on the metal
' ' probe. ‘ . S
v\}' . . : ‘ ' v . N :; . 35; .
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With the probe in place, tympanometry testing
takes only a few seconds)
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negativ /e than -80 mm of water. Feldman (1974, privatg communication)wk
recommends -80 mm as thé pass/fail point. Among.the Aﬁfhors using
-100 mm are Jerger, Jerger and Mauldin (1972), Porter (1974) Jerger
(1970) » Harker and Van Wagoner (1974) McCand]ess and Thomas (1974)

and Bluestone, Beery, and Paradise (1973). Rando]ph (1974,‘pr1vate

. communigcation) recommends the use of -160 mm, while Brooks (1969), in

COMPLIANCE VALUES

a study of 1053 ~hildren. from ages 4- 11 years, used -170 mn,

Reviewing the works of McCandless and Thoma§ (1974), Brooks (1973)
and Réndo]ph, et al., (1974), among others, it was noted that.genera11y‘

81 percent agreement between otoscopic and impedanéé.results~had been

INITIAL PRESSURE—COMPLIANCE CRITERIA

AIR PRESSURE mmi ;0

FIGWRE 3.2 . -
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obtained using“air pressure failure criteria between -100 and‘-200 mm
H20. Considering\thts agreement hetween otoscopy and impedance aud-
iometry, the uncertatnty of accomplishing 1ogica) referrals for those
jdentified, the seasons of the year dur1ng wh1ch the proJect was to
be conducteJ, and the mass- screen1ng nature of the proaect, -160 mm

and . +100 mn HAO were chosen as conservative f1rst approx1mat1ons for
A

- a1r pressure pass/fail cut off values. Based upon Randolnh 3 data,
an drb1trary f1rst -appr x1mat1on failure cr1ter1on for comp11ance

was set at "7" (on the American Electromedics sca11ng) These values

are shown in Figure 3.2 by a solid rectangle together withfthe.con-‘*

ventionanAE‘pass/fail figure. It was ig:ended that these values be
re-examined at -the conc]us1on of the project and that 5pec1f1c rec-
ommendatwons be made for pass/fa‘1 cr1ter1a to be used with tympanometr1c

*
screen1ng programs in schools. '

)

Tympanometry Data Record1ng Datalwere recorded which idéptifded

tge chxld date and type of test, the equ1pment ut111zed the approx- ]
Tt~ d
imate pressure and comp11ance values for the peak of the tvmpanograph1c -

plot, the general snape_of the plot, and overall conc]us1on about

. @

the resu]ts‘:or;each ear. The general conclusion of "pass,” "fail,"

"inconclusive,“ or "could not test’, was the basis for %eciding‘if 0

'rescreen1ng were necessary. R } SR .

‘A‘grndded acetate~overlay~was“placedaoncthe suglggt S tympanograph

"vfor determ1n1ng the pressure and~comp43ahce cqord1nates of the peak .

e —

and whether the tympanograph met the pass cr1ter1a To fac111tate

" use, the overlay d1V1ded the pressure scale (hor1zonta1 axis) 1nto 40

.1.‘

.-
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reg1ons of 20 mm (HZO) each and the compliance scale (vertqca1 axis)

1nto 20 regions of 0.5 un1ts each (American E]ectromed1cs scaling).

A set of four.dng1ts (two fpr pressure and two for cqu11ance) iden-

tified the ceil within whiéh the peak was']OCated. For reporting

purposgs all va]ueé wére converted back into their respective pressure
——

4

and compliance units. Difficu]t to eva]uate tympanographs wereire-

’ferred to the consu]tant in charge of the particular team.

Tympanograph1c conf1gurat1ons cons1dered distinctive enough for
ciassification were "flat," "rounded,"_"peaked " and "off-Tlimits"

{Figure 3.3). Hyper-comp11ant ears (“off Timits") were g1v=1 a coms

p11ance value of "01" and a pressure va1ue'equa1 to that obta1ned when

the’ sens1t1v1ty of the. 1mpedance aud1ometer was reduced ("Ad" position)

'f\!hﬂl’l\ll()(ilil\l’li !ilil\I’IEEB
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‘most representat1ve of the h1ghesf excursion of Fhe pen (1 e., the

.. day. . R o D . v . Sy AETIN

:on the ear(s) not meet1ng the screening criteria. Testers were in-'

~1959) ‘ :

hold-results obtained for each of the test frequehcies'empioyed, An

1 4000 Hz or 1f thresho1ds of 15 dB or greater were obtained at two

Esl

o

[
—

and the tympanometr1c test1ng of the ear repeated 1 "F1at“ and ;

"rounded" tympanographs were ass1gned pressure and comp11ance va1ues

Towest obta1red comp11an”e va1ue)

Ch11dren not pass1ng the tympanograph1c screen1ng in both ears

\ L ’ . )

on the 1n1t1a1 day received & comp1ete tympanométric rescreen1ng on

the second day F1rst day absentees, and those for whom the resu1ts
were "1neonc1us1ve;" were ‘also scheduled for testing on the second

v

Audiometric Threshold Testi;gA A11 who faiied the puretone

screen1ng on the second test day received an 1mmed1ate thresho1d test -

structed to obta1n thresho1ds above~10 dB HTL at 500, 1000, 2000

and 4000 Hz using the Hughson Nest1ake techn1que (Carhart ahd Jerger,

L]

The \threshold test results at each frequency'ahd the speech-
fhequenéy average (500, 1000 and 2000 Hz) were recqrdéﬁvfor each

tested ear. A pass/fail decision For each car was based on the thres- .

L

ear "feiTed" if a threshold greater than 25‘dB HTL was ébtained at

or more of the other test frequenc1es.

-

Daily Calibration. Each day the puretone audiometers received : v

P

a grossiba1ibration check after being allowed to warm up for at least

Tx peak was observed in every 1nstance when the test1ng was re- - -
peated w1th reduced sensitivity. . '

"




‘was alignedNﬂLth,its associated X/Y'recorder prior to the testing

- and whenever the recorder pad had to be rep1aced. To guarantee

‘sound treated, periodic environmental noise measurements were made to

“on a‘tripod to reduce vibration bias and then placed-at a position

thirty minutes. Tr~ testers were instructed to recheck the calibra-

tion if during the day two or more coﬁsecutiVe chi]dren failed screening

at a particular frequency Suspect aud1ometers were e1ther reca11- - - -
brated or rep1aced with units known to be in ca11brat1on |

The manufacturer's recommended procedures for .calibrating the.
impedance audiometers‘were followed after the equipment was allowed

to warm up for at‘1east thirty minutes. Each impedance audiometer

-

equivalent resu]ts between the sets of 1mpedance aud1ometers, between-

set compar1sons were also done da11y prior to the testing. Several .
pressure ca11brat10ns were made da11y These procedures, as'we11 as

the’ correct1on 'of m1nor maladnustments in the equipment (e.g., air

pressure leaks due to cracked rubber tubes) were performed by the

testers under the supervision of the project staff..

Ncise Measurement. Since none of the puretone testing rooms were

assure that the Tevel of background noise rema1ned below cr1ter1a

Weasurements were made using a B&K Mode] 2209 1mpulse prec1s1on sound

level meter and a Model 1613 octave filter. The equipment was mounted
approximating the child's ears during testing.

Measurements‘were taken at least three times at each test site:
once before the test1ng, once at the mid-morning recess, and once

during the early afternoon when the children were often on luncheon

o
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o . breaks._ Thus, the measured noise 1eve1s represented both the 1dea1 b

and the worst poss1b1e cond1t1ons under which tests m1ght be cgnducted+wﬁu_~masncj

Sa ,r/"/

Measurements were made a1so when any new extraneous noise sources

(e,g.,,externa]qconstruct1on equipment, 1awnmowers) were operated

in the vicinity. Whenever the measured noise exceeded 52 dBA, the

test1ng was halted until the noise was reduced . Alt»q

Measurements were made on the lineary dBA ‘and “dBC sca1es and

S Y § 500 Hz. The med1an noise measurements for each site are fdund in

\«

 Appendix I, Table 7.5.

Eartip Sterilization Procedure. As a protection against the

*

transmission of bacteria from child-to-child, all soiTed eartips were
placed in a sonic cleaner (Hal-Hen Model 2189 T-3) and agitated for

1




five minutes in a fresh, ohé-percent solution of Zephiran Ch]dri:'

~ The tips were then rinsegfin a clear water bath and blotted betweeil

!

towels-to remove excess water. Next, pipe stem cleaners were used

4

to rgmoverany»wapgr'bupplesjrgmainingrwjthjhrphe tip, and,ﬂfina]ly,
the tips were dried with a commercial hair dkyéf;’ Thorough drying

of the tips was necessary to maintain proper fﬁnctioning of the

" “tympanometric equipment. - o~ L ]

Fo]]ow-Up‘Phase : . : ‘ .

Data Distribition. Following the completion of testing in a
district, the information marked on the TAMI-data forms was read

v optically onto magnetic tape for computer analysis.. The results fbr}

;s each child were Tisted alphabetically by school and brade to faci1i; .

1! 1
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4

tate‘gse within the district. The typical time lapse befweenfthe
L'i‘ " eompletion of testing and the delivery of the results to a given town

was two and'gne-ﬁalf weeks.~ Subsequent cdnsu]tation\with each dis-

trict was provided by the projeey staff to aid_ir»the.interpretation

~and utilization of the data. .

Suggested Follow-Up. Follow-up suggestions for each child were.

. included on the student Tisting. Examples of these sdggestions are

found on the sample print-out sheet (Table 4.2, 4.3a, D). ‘Sepa‘ate

sfatements for educational and medical attention Qere inc]uded:for

‘the puretone air-conduction sbreehing, the tympanometric Sereening;

end the. puretone threshon-testing;‘ Sample referralvforms'énd an'ekg -
‘ p]anetdry note on tympﬁnometry were also provided for distributioh to

the 1nd1V1duals ‘and/or agencies tc \ 'hoﬁ the identified ch{ldren were

to be referred. U1t1mate dec1s1on on whom to refer was left to the .

-

district personnel. -

" Dafa‘AnelySis. For eva]uation‘of the model, the data were analyzed

by town and then aggregated across the six towns. The results of the
- various tests were compared with other known 1nformat1on on each
child (i.e. > age, ‘sex, grade, known hear1ng status, ethn1c back-
ground, ‘and the number of absences accumu]ateq 1n the school year);
Attitudes,towards tympanometry'and the'model'én generel Were samp]ed
vfé questiohﬁaires sent-to the speech and hearing c]jnicians and to
the nurses involved in the teeting and to representative school and L

district administrators. - ' 8




'FI"NDINGS OF THE STUDY

As a feas1b111ty study from wh1ch a var1ety of profess1ona1s
might prof1t, certain guidelines were estab11shed for exam1n1ng the
- /- ‘data. F1rst, hop1ng that the resu]ts m1ght be useful to school

. aud1o1og1sts and/or speech and hear1ng clinicians, the results are

presented in read11y ava11ab1e tab]es and figures. Second, we trjed

to avo1d exam1n1no the data more c]ose]y, or genera11z1ng more

I . oL

broadly, than was Just1f1ed by e1ther the exper1menta1 design or by
the exper1menta1 contro]s Th1rd wherever~poss1b1e, extens1ve
tables, descr1pt1ve mater1a1s, and sample forms are re1egated to the
.,Append1ces For comparat1ve purposes, puretone scre°n1ng, puretone
_irtop1c F1nd1ngs un1que to a part1cu1ar test are then presented,
foilowed by a proposed set of tympanometry pressure and comp11ance

”

values fqr genera] screening. g " A

GENERAL ANALYSES

Pass/Fail Ratios =~

N

. The pass/fad] ratios obtained for aT] of the subjetts-fbrfeach'
vof the tests are presented in Table 4.1. Ch11dren who fa11ed the '
" initial screening and subsequent]y passed the rescreen were co;nted ) . >
as "pass.“d As shown, 10.8 pereent fa11ed the puretone screenjng and Coa
. ) o '91;7 percent of'those failed the,thresho1d examinaéton. .Based on the )

45',p : total receiving a puretone screening, 9.6 percent failed two screening

, rtestsrand'a threshoid examination. .Approximate1y>20 percent of those

/ h 4




t

PASS-FAIL RATlOS PER TEST

PASS < FAIL

. 2
*No. i .
Tested No. | %
PURE TONE SCREEN. .
THRESHOLD - | -
; o - =% OF TOTAL GROUP (N=8440)
TYMPANOMETRY
. ~ TABLE 4.1‘

2

_vrece1V1ng tympanometr1c test1ng fa11ed to meet the pass criteria. -
_ Initial “screening versus rescreen1ng performance for puretone
test1ng and tympanometry are emphasized in Figure 4.1. "As shown,
77.9 percent;passed thev1nat1a1 puretone screening and 71.0. percent
passed the initial tympanometry screening. The,number failing in- ’
itially but passing the rescreening was 11.3 percent of the total
. for puretone screening and 8.7 percent for tympanometry.i Almost twice
as-many (20.3 percent) failed t&h tympanometry screenings as failed
7'the puretone'screenings (10 8 percent) Two -ear failures were more
-than tW1ce .as common for tympanometry (11 9 percent) as they were ¢

for puretone test1ng (4 6 percent) \

B 3 : Computer-prepared 11st1ngs of the chi]dren's test performance;

'together with. suggested referra1 statements, were supp11ed to the-

local nursing and speech and hear1ng personne]. Samp]es of the 1list-
ings (with names censored to preserve confidentiality) and the asso-_

ciated legend are presented in Tables 4.2, 4.3a and 4.35:1

[s3
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| from 17 2 to 6 6 S1m11ar results. are shown for tympanometry where

J

Py

'Grade Ana]ys1s f

Performance by grade on the respect1ve tests 15 shown in Figure
4.2. Improved performance w1th 1ncreased grade is Fv1dent for all-
three cests but most pronounced for tympanometry hrom Kindergarten
through grade f1ve\the percent fa111ng puretone screen1ng decreased
the s]ope of/the curve approaches'that for puretoqe screen1ng but
appears’to asymptote somewhere beyond the fifth grade The implica- Y

t1ons w1th respect to probable middle ear patho]oéy'among the children

~.

|
i
!
I

TEST PERFORMANCE PER GRADE
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in any identification audiometry program are obvidps. Chi-square -
cests between thefpass/fai] ratios for the respective tests and grade
1evei ﬁere significant'beyond theTO.Oditievei of confidence. Tables
o - detai]ingttne'puretdne and tympanometric.screening“resu]ts per gride

and town are found in'Appendix}I,(Tabies 7.6 and 7.7).

Seasonal, Effects

- o - _ Testing was conducted during the second through 51§Eh months of ;

«

1974 To examine. the re]ative seasonal, effects, the data are pre-' -

sented in Figure 4.3 by town ‘in the order tested. Children from the

Y

three towns tested during the late winter months manifested a higher

B

percent faiiure on tympanogetry»than did those tested in the'springe
months; From Febrpary thropﬁn March,,an average of 24 percent failed |
i‘in the chree towns tested. ”Two weeks passed before the next town was
. / : N tested,’and the percentage fhen'dropped_to a mean of 17 percent for ’

| the mid-April to ear]yiJune-period.; Graphs .of the compiiance and
pressnrelvaiues obteined during the two seasons'ere presented in Fig-
ure 4.4. Means for the respective distributions"are,shOWn by 1ines

drawn perpendicu1ar1y to the respective axes. Not only did. midd]e | .

‘ear compiiance 1ncrease during the spring compared to the winter months,

. but so also did middle ea air pressure b |
In contrast to the change in performance:observed for tympanometry,
”puretone screening results. remained essentially the same,throthOUt the . - -
period of testing A]though samp11ng was conducted\during a period

when upper respiratory infections seemed the rule, and again during a

significant allergy season, virtually no difference was detected in the




'RESULTS BY TOWN IN QRDER TESTED

| \ .
0o ' e TYMPANOMETRY
{ IS | ewoooe PURETONE
| - FEB-APRIL  APRIL-JUNE . \
o 0 R , N
Il<- ) ‘.\.‘/.
| | ,——"" 1
? 0} e e _
| "3 WEEKS |
‘]1P — I 72 [
“ist  2nd  3rd . 4th. 5th  6th
FIGURE 4.3

" TOWN

0 ‘.

percentage failing puretone screéning a% a ‘function of the month of

testing. The percentage of children at any one time who evidenced

'”did"not“changé, despite the increased prevalence of middle ear path-

. . \ -
ologies during the winter as gvidenced>by tympanometry. = .

:Aha1ysis by Eér

There wereAno;obéervable ear-effect trends for either puretone .

screening dr tympanometry.ﬁiStdtistica1 tests for ear-effect were‘

© notsignificant., -

Test Results by Sex

There was no significant difference between.the puretone screen-

" ing results for males and females. Based on 8,399 Qases, 12.1 percent

- v x{i(i .‘: |

- ar




“of the males failed and 12.5 percent of the femaTes failed. When con-
sidering the pd}eténe tesf—retest réfiabi1ity of thQ§e fai]ing the

; o ‘initialvgcreeniﬁgs, again fhere~were no §ignifican%‘differences}be-

tweén thé~performances of maies"and"fema1es ' The 1ack of a sex dif;'f

[

ference for puretone testing was in contrast to the results obtained

- “: , fqr tympanometry, where a s11ght effect by sex was observed. 1

]For a d1scuss1on on th1s subject see Pressure and Comp11ance by
Sex under the section on tympanometry results.

- COMPLIANCE & PRESSURE VALUES
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Known Status of Hearing - -

Among the items of genera1finformatton asked about each child

was a question on the known’status of hearing. With ﬁYes" (child-

has a known 1oss), "No;f and "Unknown" for choices,:the’1atter two
categor1es were se1ected moré often whether the se1ect10n resu]ted
‘from factual knowledgey susp1c1on, impression, or exped1ency was be-

, ‘fyond'our control. Though adm1tted1y an imprecise survey, we felt a

comparison of the so-called known status with the obtained test re-

sults was Just1f1ed for trend ana]ys1s

Tab1e 7.8 (Append1x Ii summar1zes the resqus“of“cUmpar1ng the
.known status of edch child's hear1ng with his/her performance by test.
- The categoies of "No" (child has-no 1oss) and "Unknown" are comb1ned
as "Unkngwn..' As 11sted under the "Tota] Fail" co]umn 863 children
— _A_h;_vviJfa11ed puretone screening who were not known to have hear1ng prob]ems:
‘Th1s number, which represents 89.8 percent of those fa111ng puretone
screen1ng and 1C.5 percent of the total screened, constitutes the new
jdentifications resu1t1ng from the use of the ASHA puretone screening
procedures. New identi cat1ons by tympanometry totaled 1493 (i. e.,
94, 8 percent of those fa111ng tympanometry and 19.3 percent of the |
" tota1 screened). S1nce only one-in- ten of the puretone screening
' fa11ures and one- 1n-twenty of the tympanometry screen1ng fat]ures
were suspected of having problems, doubt is cast upon referra] as a
primary mecran1sm for identifying hearing- 1mpa1r~d ch11dren )
‘Having noted that test performance was grade-related \we\extract-
ed from Table 7.8 the percent who failed each test and whose hear1ng

status was unknown pr1or to testing. - The-results, shown graph1ca11y

in Figure 4. 5,show a def1n1te grade relat1onsh1p. Regard]ess of why N




a given chi]d‘é hearfng status was considered unknown, and even éoing
so far as to cha]]enge the validity: of the entire decision process,
Tt s a]arm1ng that the poorest estimates of hear1ng status were made
for the youngest ch11dren Not only is referral 1ndefens1b1e as thu
basis for the 1dent1f1cat1on of children with hear1ng prob]ems, but so
a%so is the exclusion of the youngest chi]dren from an jdentification

t
aydiometry program

UNKNOWN HEARING PROBLEMS

% ’ «.’,,‘-T
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Melnick, et al. (1964), eva]ua%{pg a recommended {dentification

audiometry scheme, found that 29;percéht of those failing an initial “
puretone screening test passedta subseque f threshold test. Wilson

at 52 percént of the

and Walton (1974), in a similar study, found
“first-screen failures passed a subsequent rescreening. As out]ined
in the prqcedures section of this report, all first-screen .failures

were rescreened on the test(s) failed: . . ~

I
/




The reasons for puretone and tympanometry rescreen1ng are bas1c-
ally d1fferent and bear upon the opt1ma1 time 1nterva1 between 1n1t1a1
and rescreening examinations.  In puretone testing, rescreening is for
;re]iabi]ity,assessment;fthe.necessity for which arises from the eub-“

Jective nature of puretone audiometry. According to ASHA recommenda-

~tions, rescreening should take place within seven.ca1endar daye and

jdeally on the same day as the initial testing. Because of the
transient nature of'most middle ear pathofogies; justification for

tympanometry rescreening stems mainly from a.concern for validity.

Inasmuch as tympanometry is an objective procedure and effective in
mon1tor1ng m1dd1e -ear abnormalities, rescreen1ng f1rst -screen fa11-
ures over an extended time per1od is the procedure of choice.

The reasons for some of the children failing an initial screening

and subsequently passing a rescreen were (with respect to this'project)

somewhat'festfspecific. It was generally advised during the- project
that whenever the testers were unsure as to the precise status of the
child's hearing on a.given test they were to fail the child in order
that a re-examination noqu be assured, This conservative approach
was expected to nagnify-the number of fa]seiposifives at first screen-

ing compared to what might be obtained if inf{nite time were avai]ab]e,

In puretone screen1ng 1t may be presumed that many false pos1t1ves
occur as a resu]t of the subJect1ve‘nature of the +esa parad1gm 1n
which factors such as attention span, distractability, and env1ron-
mental noise undoubted]y'have inf]uence By contrast, rescreening ‘
for tympanometry fa11ures is included to allow sufficient time for

transient m1dd1e ear abnorma11t1es to stab111ze




v

Since a maximum of only seven calendar days was possible between
the-initial screening and the'fescréening examinations for both pure-
tone and fympanometry'testing,.we questioned from the outset the
Va1ué in performiﬁg a tympanometr%“rescréen so quickly. Unfdrﬁungte]y‘
the basic design did ﬁot permif.our extending thé time period. There-
fore, some of those whose tympanométry perfdrmance was recorded as i
e having shifted from "fail" tgf"ﬁass" ;ere borderline cases who were °

'fai1ed initia]]y as a-congefvative course of action. In evaluating

the significance of initial-failure to rescreen performance,-it is

i
|
P

important to ﬁote that the'screening criteria.dictated that whenever
a.child failed a test in part, he fai]ed it in total. - |
'Figufe 4.6 presents the reduction obtafned in fé]se-poSitive_ |
~identifications resulting From rescreening. The:éoﬁbined value of
51.1 percent false-positive reducti?n for puretone audiometry is in
close agreement with the results of Wilson and Walton (1974). As \
shown also, a 30 pércent reduction in fa]ée—positiye idenfificqtidns- |
was noted foritympanqmetry. For both tests the reductioh in false-
positiQe identifications seems clearly grade-related. Iﬁ fact, there
is a curiousApara11e1 courseiin the upper grades‘betwéén'the pureé
. tone and tymbénqmetric results. It ié unfortunate that the expéri-
menta]»desigﬁ didnhot‘incTude hidﬁer grade levels in order to deter-
-mine at what grade (agé) the graphs p]éteaui _ |
‘Sincg'approximate1y one-half, of the initial fai]ﬁres by puretone
” screening and one-tﬁird of the\initia1~¥ai1ures by tyr = metry

passed the rescreeniny evaiuations, it ;g\patent]y ééseptia] that - . *
¢ \‘ N

Eééé?ééhiﬁévbe included ih'a11—?agntificatipn audiometry prograhgjmm

0
52




REDUCTION OF FALSE POSITIVE IDENTIFICATIONS
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Ethnic Performance o - | fe

.Two of the towns had sufficient minority populations to pehmit
]1m1ted comparat1ve ana]yses between the B]ack Puerto R1can “and
White sub -groups (cf. Tab]e 7 1, Append1x I). Because of the obvious
impact of the season, it should be noted that testing was conducted :
- ' ’1n one of the two towns dur1ng ear]y April and in the other town dur-
ing early June. " t
Tab]e 4, 4 1nc]udes the pass/fa11 rat1os for the three groups on
the respect1ve tests together with the obta1ned ratios for all sub-
o jects comb1ned A]though .no definitive: trends emerged, both m1nor1ty/
| groups ev1denced fewer tympanometry failures than the wh1tes w1th
the B]acks having approx1mate]y one-half as many.
o 60
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PASS/FAIL RATIOS PER TEST AND ‘MAJOR ETHNIC GROUP

BLACK PUERTO. RICAN WHITE “A11 Subjects o
Pass  Fail Pass Fail Pass Fail Pass Fail
) Puretone | K | 1128 ~ 140 | 287 - 55| 5578 766 § 7400 1039
Screen % 89.0 1.0 | 839 16.) 87.9 123 | 8.7 123
| Tympan- N oMo ﬁz . 276 67 |-4596- 1348 | 6336 1680
ometry % | 8.0 120 8.5 195|773 ‘2.7 ]790 2.0
r. . .
Thres- N 12 99 ] 2 & 604 73 . 808
hold 3|08 8.2 87 93| 7.2 928§ 83 9.7

~ TABLE 4.4

Test Performance vs. Absence

Seek1ng possible at r1sk" predictors for hearing 1mpa1rment,.

the number of'absences accumu]ated dur1ng the school yeai" to the date
O IMtial testing was retained. Of the 8528 tested, 7676 children
' had one or more absences . fh°’nuﬁber of absences, divided by ;he
- " sequent1a1 date within the school year (maximum = 186-days) yieided

an absence quot1ent.

TEST PERFORMANCE VS. ABSENCE

1011;
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- " In Figure 4.7 these qudfients (expressed in percent) for tym-
panometry and puretone screen1ng fa11ures are grouped in 11 sets | -
rang1ng in s1ze “from 5. 6 to 13 4 percent of the total reported. As .
shown, no def1n1t1ve relationships are apparent, a1though there is’
some tendency in the higher absence groups for the percent of fail-
ures to increase with absence. o ’.\\ |

PURETONE TESTING '

VScreen1ng;Resu1ts bnyrequency

Each child rece1v1ng a purefone screening test was tested at
1000, 2000, and 4000 Hz. Test performance by frequency and grade "
was examined by comb1n1ng the results for the twu ears and then com-
-puting the respect1ve pass/fa11 ratios (Append1x I Tab1e 7. 9) Fig- -
ure 4.8 presents the percent failing each of the test frequenc1es as
a function of grade level. Consistently more ch11dren fa11ed at 1000
Hz than at any of the other frequencies, with fa11u¥e at 4000 Hz being

the second most common Inasmuch as the ambient noise levels were

SCREENING RESULTS BY FREQUENCY AND GRADE
. (EARS COMBINED)

e TMQI—'M
: ! B 1000
' . .—‘ 2000 Hz
L} N ) . A—A',. 4000 Hz

7
7,

/A
/.
!

FIGURE 4.8 2p . a | J
Yo ) - . ‘\
o ’ X B , N u | [ - g : L,‘ 11
, } K Ist 2d 3d 5th T
_ Tami o : GRADE LEVEL SUBJECTS
. KO.OFEARS 3M 3630 3564 3064 1810 -
TR 7

55. ‘ S o

™




insufficient for masking at the screening frequencies (Appendix I,
. Table 7.5 ), it is possible that the failures at 1000 Hz were’ due
,'primari1y to conductive 1osses while the failures at 4000 Hz were due

primarily to sensori-neural losses. -~ . -

-

Threshold Resu]ts~

1

The puretone average (PTA) hearing threshold loss was ca]cu-
1ated for each ear and 'is represented by the average of the hear1ng
thresho]d 1eve1s for 500, 1000, and 2000 Hz (referred to as the
"speech frequencies“) As ment1oned prev1ous1y, thresho]d criteria-
were estao11shed re]at1ve to the ch11d s total performance, not on
. his PTA a]one Thus, those w1th a PTA between zero .and 20 dB do not
represent the total number of children pass1ng the thresho]d test‘be-
caise of high frequency (4000 Hz) losses. " | o
Tab]e 4.5 1nc1udes the performance by. eargof the tota] threshold

| group. Essentially ‘the same number had PTA's from zero to 20 dB as

THRESHOLD RESULTS

Ay : -
Speech- Frequency Lef Right
Average N %" N %
0.- 20d8 394 47.5 405 48.8]
21 - 40dB - 376 45.3 373 44.9
. 41 - 554dB .« 54 . 6.5 44 5.3
b6 - 70 dB : 6 0.7 5 0.6 S
7 - 90dB 0 0. _3 0.4
T 830 .~ 100.0 830 - 100.0
(8) 7’ . :
Threshold Result Left Right
e N g N %-
st Pass 248 - 29.5 259 30,91 -
-Fail -~ . 582 69.2 567 + 67.7
Inconclusive : 6 - 0.7 . 8 1.0 F >
Could Not Test _5 ‘0.6 _3 0.4
Lo , ~ "o 841 100.0 837  100.0
TABLE 4.5

,55'63




o

from 21 to 40dB, *ref]ecting the number failed on the basis of a 15

< to 20 dB average As reported earlier, approximately one-in- ten of
-‘,those fa111ng a second puretone scréening passed a thresho]d eva]ua-
.~ tion. As presented also'in Table 4 5, approx1mate1y six percent of.
those rece1v1ng thresho]d tests had puretone averages in the 4] to
55 dB range with a "few others hav1ng PTA's in the higher ranges

Approx1mate1y two thirds of those ‘tested 1n the left ear, and a 11ke

_ number in the r1ght ear, were Judged to fa11 the threshold evatuation.

-y

- TYMPANOMETRY -

The nean meddan, and modal pressure and comp]iance va]ues ob-
tained at the 1n1t1a1 tympanometric screening-aré presented in Table
4.6. The va1ues for middle ear pressure are somewhat lower than have
heretofore been descr1bed as normat1ve (cf. Brooks, 1968, 1973;
McCand]ess and’ Thomas-, 1974 Renva]] et al .y 1973). For compar1son,
the d1$tr1but1ons of the obtained comp11ance and pressure va]ues for
all subjects are displayed in‘Ejgure 4.9 and Append1x I (Tables 7.10—
7.13). Means for the various curves are shoWn by dotted lines drawn

perpendicularly to the respective axes.

© PRESSURE-COMPLIANCE VALUES
, - VO e
A11 Subjects (Left Ear) (N - 7854)

T o . o Mdn ~ Mode
Air Pressure (mm H,0) -83 _-46 -10

. Compliance (Arbitrary Units) 3.9 3.9 4.0 h
& - - TMBLE 4.6
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Analysis of the data for all subjects receiving the initial tym-

panometric screening disclosed that the pressure .and compliance values

within plus or minus one standard deviation of the respective means '

' approx1mated the initial pass/fa11 cr1ter1a (Figdre 4. 10) ‘For com-

parat1ve purposes, comp11ance and pressure values wwth1n plus or

e

minus two standard .deviations are shown-in the_sameAflgure. /

t

Pressure and Compliance by Grade

| JRepdrted]y, young children ékhibif more negative middle ear pres-
sgres than do olqgr chi]drén,and.adﬁits. Brooks (1969), in a studxhbf
1053 four-tﬁrgugh-e]even-year'blds, found'that>reduced midd]e'éar _}
pregsure“was common in fi%st-yeﬁr school‘chi]dren, with middle ear

pressure .increasing with age. 1In Harker and Van Wagpner's study (1974)

T 58N




of 710 Alaskan school children, SO'bercent of the Kindergarten-through-
third grade chi]dren.di§p1ayed Jerger Type B or C‘tympanoﬁraphs,,with
the greater prevh]ence among the 1owef grades. Normal atmosbhefic
pressure is approximated>around the age of 9 aﬁd above (Brooks, 1969;

' McCandless and-Thomas, 1974). Data on compliance values are less

L ‘definitive, but several investigators have reported that relative

.\ comp]iénce increases with age (Brooks, 1971b; Jerger, 1970;\Jerger,
\\ et al., 1972), a trend which would be expected when considering ‘the
P reported age-related normalization of middle ear pressurés concom-

. mitant w1th a decrease in “the preva]ence of. Type B and c tympanograms

OBTAINED COMPLIANCE—PRESSURE VALUES
VS. TAMI CRITERIA
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s o Data from this studygshoﬁ reiatively stable compliance across

| gradesf 'Meap ya}ues by grade are presentedftogether with’ the var-

ance in Fjghre 4.1i, where the values are coﬁsistenflybetween "q"

anda“S“'on the combliance‘scale. ‘The relative stability of the mean
compliance rglue as a function of grade level, as well as the rela-

tive sEebility‘of the variahceverelclear from this figure (cf. -Appendix T
I, Table 7.14). S | - S

MEAN COMPLIANCE VALUES BY GRADE

' (LEFT EUQJ‘)
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- : \, ‘ B ¢ ; -80 mm to O mm Hzo 1s taken as a. str1ctly c11n1cal]y acceptable
Y .
\ v'standard for normal middle ear pressure, the d:str1but1on of compl~ance o
values within th1s range was found to be v1rtually the same ‘as for- '
\\ the ent1re sample. A tota1 of 4649 left ears fe]] between. these N
‘ \s pressure values and for them the.mean compl1ance value was 4.0 w1th e
ks . remaining values distributed normally." ‘
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By contrast mean middle ear pressures were progressively less

negat1ve w1th 1ncreased grade, and the variance around each mean
diminisheq as a function of grade (F1gure 4.12). Mean pressures ranged
'ﬂfroﬁ,-104 mm HZO to -55 mm H,0 in‘graqes Kindergarten thrqugh‘fifth, |
| respective]y;l Brooks (1969, 1974), Harker and Van Wagoner (1974),

Jerger (1970),‘and McCand]ess and Thomas (1974) have all reported
~similar trends. Figure 4.2 111ustrates the importance of these trends’

in terms of the percentage of ch11dren ‘failing the tympanometric

screenings in the,ygrlnusﬁelementarv grades. :

MEAN PRESSURE VALUES BY GRADE
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Pressure and Compliance by Sex

* There is a suggestipn ih'the literatufe (Jergér, et al., 1972;

- Zwislocki and Fe]dman,f1974§ Bicknell and'Morgan{ 1968) - that females

show greater compliance values (i.e., 1gss comp1faht middie ear sys-
) tems) than males,and that this difference reaches its maximum at ap-

proximate1y age 30. Using static comp1iénce measures , Jergeﬁ'fbund

a differénce of about .1 cc between males and females in the 6-9 year |

ége range. While our measures of compliance were not in absolute

physical terms (cubic centimeters), we were able to compare in-

directly our findings to those referenced. The dffference found

between males and females was negligible, but in the reported di-

rection: the m§1e mean equalled 3.8 and the female mean equalled
4.0. | ‘

- The measured miad1e ear pressures presented a reversal in the
means for boys and girls, where the girTs presented somewhat greater
(i.e., less negative) pressures than the boys. ‘With 4005 boys and ,

- 3814 girls receiving an initial tympanometry screening,fthe.gir1s'

_ Pressure was 6 mm greatef thén thé boys' (boys, -86 mm H20: qirls,
-80 mm H20). These findings were in accord with the further obser-
vation that 16.7 percent of the boys and 14.8 percéntvof the girls
fell below the -160 mm Hzoﬁpriterion level. Because of such slight
differences in pressure and coﬁp1iance vq1ues between the two groups,

we find no argument for adjusting the pass/fail criteria between the

sexes. \




Shape Ana1y51s

Tympanometric shapes were def1ned by four 1dea11ged cate96r1es,‘
seen earlier in Figure 3.3. In-order. to examine the 1n+erreVat1onsh1p
“of tympanograph1c 'shape and pass/fail results, we 1ooked at/the data

in two ways: firsty W1th1n a given shape category we deteﬁd1ned the

percentage'fail1ng tympanometry; and, secondly, of the total sample
that failed, the distribution of shapes. The data are contained in
Table 4.7. | | '» .

The "peaked" category was observed in 92 percent /of the cases,

-and 26.7 percent bf these faﬁ]ed tympanometry (the "gff-1imits" and
"peaked" categories were combined). | "Rounded“ tympanograms were ob-
tained from only 4.1 percent of the cases, but ove two-thirds of

3 these (68.8 hercent) were/Tecorded as failures. /Flat" tympanograms
occurred 3.9 percent,of the time and all were fajlures. Based on
these fagures, one would/ predict that less than,one -third of a s1m11ar
school popu]at1on would [fail on the basis of ne[at1ve pressure alone
("peaked" coincided with normal comb]iance in 94.4 percent of the .
cases, that is, greater] than-"7," N #"441). ﬁ e degree of predictive-

/
ness increases from ovér two-thirds to 100 percent with "rounded" to

uflat" configurations, AespectiVeTy. _ /
Looking at the disp;(sion of. shapes witﬁin the group fai]ing the.

initial tympanometric scr ening; we observed that of those fa1]1ng,

two-thirds had "peaked" tympanographs and tﬁe remaining one- th1rd

\' : was divided between "flat" and "rounded" shapes. Slightly more were

flat than were rounded. Tt Xs tempting toﬁhypothesize that more -than

one-third of the failing ears had some serous fluid beh1nd the tympanic

l .
i

membrane, but we had no oto]ogtfal ver1f1cat10n., . e

i
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TYMPANOGRAPHIC SHAPE ANALYSIS
(Left Ear) ~

Shape'Preva1ence vs. Tympanometry Performance

. SHAPE
: Flat Rounded Peaked
Prevalence 3.9% 119 92%
Number of Cases 303 320 7234
Tymp. Failure - 100% 68.8% 26:?%

. . .
Tympanometric Shapes for Initial Test Failures

L SHAPE
: Flat Rounded Peaked
.Number of Cases 298 - 220 893
Prevalence. 21.1% 15.6% -63.3%
¢

TABLE 4.7

Screen-Rescreen Correlation

Liden, et al. (1970a), in a study of 163 ears found subject
test-retest consistency on tympanemetry to be clinically satisfac-

tory. Brooks (1971a), in a similar study using 1053 children having

o1otog1ca11y ‘normal middle ears, showed that test-retest results were’
sat1sfactory c11n1ca11y when a series of nine tests per individual
were conducted over an 18-month period. In a study of 40 neonates,

Keith (1973) reported a corre1at1on coefficient of .91 for right ears

and .79 for left 2 ] tympanometry test retest measurements

To insure reliability throughout the course of the prOJect daily

: checks were made on each ‘tympanometer and recorder using a staff member

known to have a normal middle ear. Test-reteSt results’ per instrument
and between ihstruments were found to be sufficiently stable that

screen-réscreen correlations on pressure and compliance were justified.
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Tabie, 4.8 presents the screen-rescreen co;?e1ations for two sep-
arate populations: a group of 4]0.pupi]s from the first and Second
grades who passed when screened initiaf]y (Tabie 4.8-A), and a second
groub comprised of all iﬁitia] screen failures who received a rescreen
(Table 4f§-B). The time 1apse.between screehings was seven days for
the firstxgroup and from one to seven days for the seebnd gr?up. Ai]

: A , ¢
pupils in the first group were tested between May 15th and June 15th,

while those in the second group weré tested throughout the project.

. A11 of the obtained corfe]gtio; coefficients are significant at

| the 0.01 1ével of confidence, although differendes in ‘the amoﬁht of,é
correlation within and between groups are evident. .Highest correlations

i

INITIAL-TO-RESCREEN CORRELATION (R)

Initial Results = "Pass"; Time Lapse = 7 days; - - N =410
PRESSURE ’ , COMPLIANCE
(mm HZO) v (Arbitrary Units) ,
: 7 Net Change : , Net Change
Ear Test Mean Sb ) (x) Corr. Mean SO (%) Corr.
Initial -43.66. 37.57 3.43 1.65
Left | pescrn  -53.17 s53.66 ~0r>1  0-400 3.56 1.70 +0.13 0.806
Initial -48.05 39.02 e 3.55 1.65 L
Rigt| pescrn  -54.73 50,79 088 02231 | 377 gz 016 0.75]
(B) - ‘ - )
Initial Results = "Fail"; Time Lapse = 1-7 days; N = 1598
PRESSURE , COMPL IANCE
{rom H20) (Arbitrary Units) )
Ear Test Mean 'SD Net (%ange Corr. Mean SD Net(gr):a‘nge “Corr.
Initial -194.70 119.64 : 4.79 2.28 '
|Left |Rescrn  -175.70 12071 *19-60 0626 466 223 013 0.705
Initial -197.66 122.24 4.85 2.27 '
r‘ght Rescrn  -173.92 130.59 *23:74 08471 | 466 . 5y 013 0.712
TABLE 4.8
e
o s




were obta1ned for compliance measures ir the "normal” group and the
Towest for pressure measures .in the “norma]" group
D1fferences between the means for both pressure and compliance

suggest thatpas a group the midd]e-ear;status of the "normals" was be- .
coming worse whiTe the status of "abnqrmé]s" was improving. Fo} thoée
péssing initia]]y, there was a net'éhange.of -9:§1ﬂand -6.68 mm HZO
middle ear air pressure for the left and right/éars respe;tive]y.
Simultaneously, net compliance changes of +0.13 and +0,16 were re-
corded for the left and right.] | |

i The magn}tude of the compliance change for the "abnormals” was
essentia]]yithé same as for the "normals," although in the opposite
direction. Pressure changes ﬁ;f the "ébnorma]s" were from two-to-
three times as great as for the "normals.” None of the observed dif-
ferences betwéen means is.significant statistically, but suggest a
‘trend which merits further examination. We conc]uded that air pres-

_sure measures are most representative of the dynamic state of the’

middle ear and therefore the best single index of current status.

A

_ Igased upon the American Electromedics scaling in use at the time
~ of this study, middle ear compliance and the comp11ance value were
inversely related. :
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BETWEEN-TEST ANALYSES e

Puretone Screening - Tympanometry Agreement
"Since our project was designed to identify children suffering

not on]y from educationally s1gn1f1cant hearing 1osses, but also from

potentially educationally s1gn1f1cant 1osses we were *interested in _

determ1ning the number of children whe=displa¥e_4abnorma1 tympano-
metr1c patterns undetected by puretone screen1ng ’ﬁelnnck et al.

(1964), in an eva]uat1on of a recommended program for 1dent1f1cat1on

~audiometry (cf Dar]ey, 1961),. reported that approx1mate1y one-ha]f of

~ the cases of active m1dd1e ear patho]ogy were not detected through

' app11cat1on of the,recommendat1ons. Harker and Van Wagoner (1974)

reported abnormal impedance results in 10 percent of 710 Alaskan

.children who passed the puretone screening, while Bluestone, et al.

(1973), in a study of 84 children, found middle ear <ffusions at |

| myringotomy equally distributed above and below thresholds of 25 dB

For 7928 chi]dﬁen who received both tympanometry and puretone
screening'tests, 74.3 percent passed both and 7.5 percent failed both..

The sum of these two va]ues, or the concordance was 81.8 percent

(Table 4. 9), which is cons1stent with data reported by Rando]ph et al.

(1974). We found a]so that 13 3 percent of the children passed the

puretone screening-.and fe11ed the tympanometr]c, wh11e 4.9 percent

—

. did just the opposite.

Puretone Threshold - Tympanometry Agreement

: _ {
Table 4.10 illuStrates the agreement between tympanometry and

.-tﬂ?(i :
6 - e U




PURETONE SCREENING-TO-
TYMPANOMETRY CONCORDANCE o

. TYMPENOMETRY
PASS FAIL

N=7928
. PASS
PURE TONE SCREENING

FAIL

 TABLE 4.9

pﬁretoﬁe threshold test fesu]ts, .A total of 839 ch%]drgn received |
both tests, and, of these, 58.7 percent failed both while 4.5 percent
passed“both. An interesting figure of 32.5 pertent failed the thres-
hold test but passed tyhpanometry -- demonstrating the independence

~of the two tests and the need to perform both.

'PURETONE THRESHOLD-TO- .
- TYMPANOMETRY CONCORDANCE

- . o

o TYMPANOMETRY
W8 - pags FAIL

PURETONE THRESHOLD | R

. FAIL
TABLE 4.10
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- REACTIONS

Following the cemp1etion of the project, each participating town

was sent two types of questionnaires tQ survey opinion regarding the
project and to determine the feasibiTity~and practicality of contin-

uing such an endeavor.

NURSE AND CLINICIAN REACTION

A quest1onna1re was- d1str1buted to the nurses and speech c11n-.‘

| 1c1ans who part1c1pated in the project covering the part1c1pants

‘veactions to the proqect,,responses received from other part1p1pents,
and the wi]]ingness and feasibility of continuing the project in fhe
future (Appendix III, Sectioh 9.4). The questionnaire included re-
'sponses deé]ing with ski]]s'gained in tympanometry and puretone proe

cedures and the de;jre for future workshops on impedance.

Pre-Training Materii]s and Training Procedufes
| The majority of the nur$e$ and speech and hearjng clinicians re-
~ported that<the sﬁpervisory meefings mei‘specific needs related to
'respective roles in cennection with executing the project Pre--
proaect instructions and fact sheets were found to be sufficient and
he]pfu], and theoret1caT d1scuss1ons concern1ng tympanometry and

puretone testing were found to be adequate.

Testing Procedures

Responding';o questions about puretone testing and procedures,

86 percent of the speech clinicians and nurses indicated'a willingness

4
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to use the ASHA model for pUretone screeniné in the future. Siity

: percent of . the respondents 7elt that pr1or to the proaect they -al-

ready possessed the skills necessary ‘to conduct puretone screening

and thresho]d test1ng They a1so felt that they requ1red much less
sunervisidn in puretone screening. Eighty-five percent of the speech

- c11nTc1ans des1red more cuperv1su>on in thresho]d testing procedures.
gjf Although the nurses and speech clinicians stated that they still

Y

felt inadequate in severa] areas relating to tympanometric procedures,

; . 86 percent reported that they had ga1ned suff1c1ent sk111s in tympan-‘
ometry to use it in the future. A11 of the-respondents stated that
they'now had a basic understanding of what~tympanometry>measures and

~ that the tympanometric*supervision by the TAMI central_staff was
/ | adequate and beneficial.

Sixty-seven percent felt no need for on go1ng consultation and/
or training in puretone procedures while 91 percent expresséd a need
for additiona1 intormation and training invtympanometry. Eighty—six
percent expressed an interest in attending future impedance workshops.

u Areas of interest 1nc1uded the meaning and read1ng of tympanometric
. -~ results, calibration, theory, advice on recommendations and-referra]s,d:

and the acoustic reflex.

-Project Continuation-

Fifty-five percent of. the respondents felt it was feasible for
puretoné teSting.to be completed within three days per school. Seventy . .
percent of the nurses and speech clinicians did not know if their ad-

. : ministration—wod1d support the use of tympanometry or invest in the

~

-~
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equipment in the future.

A1l of the nurses and speech clinicians ihdicated that the tea-
chers were generally cooperative in preparing for Project TAMI and
dur1ng the testing. A1l etated that the teacher response to the
proaect was .positive and that there was parental support for the

4

use of tympanometry in their schools. Ninety-six percent of the

parent'volunteers_had a favorable reaction to Project TAMI and 95
percent of the nurses and clinicians wou]d use volunteers in the
future. Eighty-two percent of the respondents expressed an inter-
est in continuing the prdject. |

In response to questjons concerning the future use‘of tympanometry,
51 petcent'favored testing Kindergarten through third»grades, as had
been done in Project TAMI. The remaining 49 percent was.divided’among

seven other possible grade combinations.

Referral and Fo]]ow -up

The average time lapse between the completion of testing and
hhen the towns received the student listings wac two and one-ha]f
weeks. For the maJor1ty of the towns, one to three weeks then e]ap;ed
before referra] (if any) by the district. E1ghty seven percent of the
respondents stated that they sent referrals to e1ther an oto]og1st or
Tocal pediatrician, and 92 percent stated that they p]anned to retest

each child placed under medical care.:

Joint Effort

Seventy- ~four percent of the nurses and speech c11n1c1ans felt




_! ' \

that the project had changed the working relationship betweeh the

nursing and clinician staffs for the better, ‘and they credited the

project with allowing more and better communjcation between’ the pro-’
fessions. The remaining 26 pebcent stated that the working rela-
tionship between the two staffs hadlg}ways been gncd."Ninety-four
percent of ‘those surveyed wou]dlconsider using a similar team approach

in the future.

ADMINISTRATIVE REACTION

A questionnaire dealing with the administrators’' responses to

[

- the project; the responses received from other participants, and the '

willingness and feasibility of continuing Project TAMI in the future

was distributed to each participating school administrator, principal,

and director of pupil personﬁe] (Appendix III, Section 9.3).

Interest

Sixty percent of the administrators said that they were "greatly" -

interested in continuing toAhave tympanometry incorporatéd.in the
hearing screening prograﬁ in their sthoo]é.v Eighty-five berceﬁt |
believed that detection of abnormal middie ear.conditions'(as pro-
vided by tympanometry) should be incorporated rodline]y into the
health servfces‘provided by the schools. |

Given the size of the project and the time limitations under
which it was administered, almost all of the-administrators (96 per-
cent) be]{eved Project TAMI to be very efficient. Also, 85 percent
s;ated that the project caused only limited disruption in the dai]yu |

1)

-

7Y
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_schdols,had adequate advance notice of the-prdﬁect.

~unavaf1ab1e. - |

‘Staff and Parenta1 Reaction = ' S

routine of their schools. Ninety-six percent indjcated that their

"

-

Practicdgi1itybfor the Future ,

3

‘Eighty-one percent of the administrators stated that'it was
either comp1ete1y,-or generaTiy, feasible to complete a mass hearing-
screen1ng 1n the1r schoo]s within two to four days. Questioned as
to whether a very quiet room could be made ava1ﬂab1e for up to three .
days in each school, 29 percent sa1d that such space could be guaran-
teed and 43 percent said that it could poss1b1y be found: - Fourteen
percent of the,administrators surveyed stated that such a room was .

R

" The majority of administrators,475.percent, stated that they

~would encourage the town or Board of Education to invest in a tym-

- panometer w1th1n the next three years.

In reference to the ca11brat1on of d1str1ct aud1ometers 48 per-

cent said that their audiometers were calibrated yearly, and 15 per-

‘cent stated every other year. However, 33 percent of the administra-

‘tors did not know how often their audiometens were calibrated.

i .

\ " : l T i

A
- Eighty- ~-five percent of the adm1n1strators stated that reactions

ﬂ‘rece1ved from teachers COncern1ng Proaect TAMI had been positive. 'In

o

this case, 15 percent had had no comments from the1r teachers. The
comnents rece1ved from the nurse# and speech c11n1c1ans 1nvo1ved in the

proaect were support1ve 85 percent of the time. A]so, 70 percent stated

»that support1ve react1ons had been received from parents in their dis-

\

trict.




_of the model was demonstrated. °

UTILITY OF THE MODEL

cpucu.usmus

|
|
Beyond statlst1cs on the numbers §creened per minute, or the cost /

of testing each child, or/ihe informational yield, practicability, ! //

per se, is inconsequential without acceptance If "new trjekﬁ“ will

not be 1earned, or 1f "old tricks" are not mod1f1ab1e, the "better

mousetrap" Will remain on the she]? A therough and systematic pub-

Tic re]at1ons campaign may be as essent1a1 in a feasibility study as

the exper1menta1 design. ObJectwe]y, at 1east w\e believe that the 4
majority of the goals of the project were met and the pract1cab111ty///
oo &

GOAL REVIEW

b_/ )

Eight of the nine goals listed in Chapter 2 were met as steted.
The fourth, and most critical, goal of having the model adopted in at
least two 'of the participating towns was not achieved. Although the

equipment was made ‘available at nominal charge. and procedun

- the use of tympanbmetry Exp]anat1ons have included the TacM\of funds
for any additional activities, overburdened (and often reduced) staffs,

and a lack of administrative support.

Records were kept on the time required per child to complete both

- puretone and tympanometry screen1ngs and on the number of children who ,'.

"could not be tested by tympanometry because ‘of an 1nab111ty to obtain

T D




proper ear canal seals or because of a refusal to cooperate. Usjng
Vo]unteers for data recording and traffic management, as has been
described, an average of 1.5 minutes was required for tympanometry
and-.1.0 minutes for puretone screening. As a measure of testability,

we determined that only 74 out of over 8,000 children did not produce

usable tympancgraphs for either ear at the initia] sckeening, and
on]&'fiye éf the 74 were never able to be tested (Table 6.1). Usable .
data were obtained for 99.94 percent of the casés,'indicatihg'thé
utiiity éf tympanometry in elementary schools. B} comparison, Harker
and Van.wagohe; (1974), in a study of 710 Alaskan school children,
obtained satisfactory tympanometrit results on all but 1.2 percent

~N of the children seen.

: TYMPANOMETRY TESTABILITY
a ' " » Ear Canal Seals and Tympanographs:
| (TOTAL CASES=8016) L
, . AN
' USABLE NOT USABLE \
EAR(S)  TEST DAY(S) Nl % N , o
Either i 7942 | 99.08 74 | 092
Left | and ! 8010 | 9993 6 | 007
Right | and Il » 8004 | 99.85 12 1 015
Either - land Il 8011 | 99.94 5 0.06
. | TABLE 6.1

SUGGESTED %YMPANOMETRY CRITERIA
ch

If tympanometry is included in identification audiometry pro-
grams, seiection of the pass/fail criteria to be employed must account

for the availability of audiologists and otologists, the availability

¥
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, of equipmént and personnel to study abncrmal middle ear conditions
over time, and, particularly, local attitude regarding the target pop-
ulation to be jdentjfied. In order to determine comp1iance‘and pres-

‘7$ure§cut-off va]ues;that might be proposed for stand-alone field iden-

‘tification audiomeﬁry pfograms incorporating tympanometry, comparisons

were made on a chi]d-by-chi1d,§§$1§ between the tympanographic and the:

puretone Scregnihg;re3u1ts for the left ear; With this typé of com-
; j ) P

‘parisor, a -tone-to-tymp concordance value of 82.9 percent was obtained

(Figure'G.]). Eurfher s tudy o% the data suggested fhat a stepped
cpmpii?ncékprg§sureacrit%rién 1ine.might be used for the 1ower.pres-
sure‘;a1Ues. ”}he i11ustrated/"pass-20ne" steps from -160 mmqugivaient
water pressure tq -200 and then to -240, but demands successively

v greate? comp1iancé. With the original criteria, total tympanometry
failure for the left ear was 18 percent, while with the above sug-
gestedvcriter}a tymbanométry failure would be approximately 14 per-
cent. Use of these values is justified only when the routine inclu-
sion of'an’audio1ogist4and an'qto]ogist,on the iﬁéntificatioh team:
.cannqt’be assured, and where local attitude regarding referrals fdr
gtyent{oﬁ'focusés on_the~chiid manifesting a loss in sensitivity for
puretones. | | | o

CAUTIONS

1f audiologic practitioners are"readi1y available and if serial
monitoring of tympanometric performanée can be assured, it would be

reasonable to place increased emphasis on tympanohetry as the basis

3

li"‘\..'... _' 'v‘. 76;
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a

a rd

for referral and.§p make more stringent the pa%s critéria. Lacking
such, over .emphasis can lead only to the referral of 1arge-numbers

of children with abnormal middle eargconditions which would véry

" 1ikely not be verified by otoscopy. Delays in referral anduthe

transient nature of many of the middle ear problems of this age gnouh
make it probable that the condition would be either alleviated, or at
least not obvious, byrthevtime of medical examination. Lack of

medical confirmation can be embarrassing. Such was our experience.

A1though‘we had every reason to believe that our crjtgria were thor-
ough1y defensib1e, and that those failing should receive medical
attention, when tympanometric failure was not accompanied by pure-
tone failure the results were frequently rejected by thé medical.

practitioner.

REFLECTIONS  °

Routine inclusion of tympanometry in hearing conServation pro-
grams for schools is.not only practicable but desirable. Nursing and
speech and hearing personne1 can be taught quickly to operate. the
equipment-and obtain reliable data. The s1ight_additiona1 time re;

quired for such testing is more than offset by the valuable infor-

‘mation obtained on the status-of the middle ear. Abnormal midd]é

ear conditions should be detected and used. as supporiive evidence

of the need for-feferra1. The relative stébi1ity of'thg puretone-

R

screening results observad across the two seasons included in this -

study suggests that puretone results remain the basis for referral

L
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¢

from massAscreening'programs,~énd ihat-tympanometric fai]ure}bé mon-
:ito}ed over time to establish whether. the condition}is chronic or
. transient. Care should be exercised in referring for medical étten-
tion those chi]dhen having abnofma] tympanograms who do not simul-

tane6u51y present reduced sensitivity for puretones.

o

’ v
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PURETONE ‘SCREENING SUBJECTS -

School District

1 2 3 4 5 6 |Total| %
) re-k | 0 67 15 3 19 0 | 104 | 1.3
« | a5 284 282 282 259 238 ! 1700\\ 20.14

1 | 403 306 312 354+ 254 . 213 | 1842 21.§z"

2 368 305 325 343 232 217 | 1790 zi.éT;\

3 335 345 339 . 403 303  263 | 1993 | 23:61
s |© s 6 3 0 1 4-1 20 | 0.24
5 342 179 146 0. 0 290 | 957 |11.34

6 2 1 o° o o 1 | 4] o005,

Grade R ' . , . ' 1

Unknown Yo 2 1 13 13 1 30 | 0.36
Totals 1811 1495 1423 1398 1086 1227 | 8440 | 100

9 | 21.46 17.71 16.86 16.56 12.87 14.54 | 100

Ce | TABLE 7.2




4 .
TYMPANOMETRY SCREENING SUBJECTS
A - School District .
1 2 3 4. 5: 6 1 Total %
Pre-k | O 67 15 3. 3 0 | 120 | 1.50
K. -284 » 284 282 283 ‘252 241 | 1626- | 20.28
) 1 300 308 315 . 35 250 213 | 1742 | 21.73
2 249 303 326 343 233 217 | 1671 | 20.85
. 3 250 346 . 362 406 307 - 263 | 1914 | 23.88
4 6 6 3 6 7 4 27 | 0.34
o ' ;
5 ' 233. 179 146 41 .1 290 | 850 | 10.60
6 2 11 0 0 1 5 [ 0.06
. Grade i S . - -
Unknown 0 2 3 13 42 .1 61 | 0.76
Totals | 1324 1496 1433 1411 1122 1230 | 8016.
| ® 16.52 18.66 17.88 17.60 14.00 15.34 100
. TABLE 7.3




PURETONE THRESHOLD SUBJgCTS

, School Disfrict .
. 12 3 4 5 6 |Total | %
\\ Pre-K 0o - 18 2 .0 4 0 24 2.72 |
K | s 4 35 42 - 21 40 238 | 27.02
Sl stz a3 a3 23 | 231 | 26.22
2 0 25 - 36 28 18 24 171 "19.4]
3 .26 25 26 27 21 15 | 140 | 15.89 ]
4 0 3 1 o 0 0 4 | 0.45
5 6 11 12 0 0 1 50 | 5.68
& - 1 0 0 0 0 - 2 0.23
Grade . | o | . |
Unknown - -0 . 0 1 . 5 14 1 ) 21 2.38
o  Totals 191 - 153 156 - 149 118 14 881 100 ) ,
' % 21.68 17.37 17.71 16.91 13.39 12.94 | 100 ‘
) TABLE 7.4
9 tl " ‘ | : - )
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AMBIENT NOISE LEVELS =»- PURETONE AUDIOMETRY
( : Median Measurement
District/ o ” No. of - During Test
School ' Room . Measures Lin. dBC dBA 500 Hz
- 1-01 Gym Stage w Curtain 5 75 .65 47 no filter
1-02 Auditorium_ 6 - 69 58. 55 no filter
1-03 Gym Stage w Curtain 8 60 58 49 48
1-04 Gym Stage w Curtain 3 62 ~55 48 no filter
1-05 (Data m1ss1ng) ' - -- -— -- -
1-06 ~ Teacher's Room 3 - 64 46 48 37
2-01 ~ Music™Room W Carpet 3 67, 58 .43 39
2-02 .~ Music Room w Carpet 3 67 55 47 37
2-03 Music Room w/o Carpet 3 68 50 47 45
2-04 Band. Room 2 70 64 55 49
2-05 Speech Room - .3 68 61 45 45
. 2-06 Resource Room 4 | 64 56 42 37
3-01 (Data missing) - - - - --
3-02 Gym.Office 2 73 58 45 33
3-03 Library w Carpet 3 75 65 45 34
3-04 Gym v 3 75 64 51 36
3-05 Auditorium Office 2 66 58 48 37
4-01 Auditorium Stage 2 69 55 48 43
4-02 Auditorium 5 65 55 43 42
4-03 Storage..Room 3 65 53 45 - 38
4-04 (Data missing) - - -- -- -- --
4-05 ~ Classroom - 2 60 56. 45 35
e, 5-01 Library w Carpet 3 68 57 45 35
. . 5-02 Resource Room 2 - 63 40 39 35
5-03 . Resource Room 3 65 57 48 40
5-04 (Data missing) - - S -
5-05 - Library w/o Carpet 3 69 54 34 30
6-01 Speech Room 7 63 44 44 37
- 6-02 - Speech:Room 6 66 55 44 40
 6-03 Classroom #173 . 5 64 58 48 44
6-04 Nurse's Room w Carpet 3 66 56 44 42
6-05 Gym Stage w separating 3 - 68 56 35 33
panel and curtain

© - R - TABLE 7.5
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CCMFOSITE FILE PREPARATICA — FRCJECT TAMI ~ SPRING 1574 06/26/14 PAGE 24
L. FILE Taml- {CREATION CATE = 0€/2€/74)  COMPLETE FILE ~ PRCJECT TAMI =~ SFRING 1974
VAR [ABLE VARD4 L TYMRAN COMPLIANCE LEFTY EAR ~ FIRST PEC
cCCE ’
1.00 #98sstssssstassssssss { 39¢) 4.3 FCY
(0.5-0.0) ¢
i
. 1
2.00 #esssnns ( 148} 1.6 PCT
(1.0-0.6) 1 .
1 ©
1
3.CC sshssrrsrnss | 216) 2.4 FCT
(1.5-1.1) 1 =
I
1
N 4.C0 Sssssssssssssssss | 329) 3.6 PCT :
(2.0-1.6) 1 - /
! {

-~
5.0 ssrsssssssssstessasst (391} 4.3 PCY T
(2.5:2.1) 1 - .

i .

6000 RS FSNNBARSRIABNRASARRARAN | SE1Y €.C PCY
(3.0-2.6) I | :
1
1

C tt‘ttt‘tt‘t‘t‘ttt“ttttttttt‘t‘t‘;ﬁ t [31%] 7.5 PCT
(3.5-3.1) 1
1

g8,CC EEEEEERRSIRSRREREEER NI PAINSRESFESR SRS S0t ss | 867) 9.5 PCT

. . (4.0-3.6) 1
1
1
9.00 EIRAREANRRANNERENREE AR AR APAEASARARCAL LA RN { 887} 9.7 PCY
(4.5-2.1) 1
1 s
3 : 1
1000 #9846 88888844R 08800 sARRssRntsnsstnssnad ( el S.4 PCT
(5.0-4.6) I -
3 1 i
L1.CC #8888 888888R40sasnssssishbccisnatanatss ( 735) 8.0 PCT ‘ : LI
) (5.5-5.1) ! -

12.C0 SR80SR 2R R daRnasrsssssss | 562} 6.1 PCT
(6.0-5.6) 1

AN [%] 1
I
§ 13.00 ##9sssssssassasrsnsniss | 447} 4.5 PCT
= {6.5-6.1) 1 °
> N {
] 1
g 164,00 #essssarssssesrs { 780) 2.1 PCY
== (7.0-6.6) 1
5 ;
[ 1 : .
; 15.CC ~»+T==3%% t  154) 1.7 PCT
(7.5-7.1) 1
(X )

{ ;
1
L1600 wEsssxs 1270 1.4 PCT
(8.0-7.6) 1

: 17.00 #tsess ( 92)  1.C PCT
' (8.5-8.1) I

{
H . .
18.00 st | 68) 0.7 PCT R
(9.0-8.6) § ) <« .
1
165.CC *x+ | 43) 0.5 FCT
(9.5-9.1) ;
1
2c.CC ** I 11) 0.1 PCTY
(10.0-9.6) ; : .
1
21.00 * ( . 2% c.0 PCH
1
{
I
28.00 * 1) 0.0 PCT
1 .
¥
I
7¢.CC * 1} 0.0 FCT
1
I o
1
C.C tttttt‘tttttttttntttttttttttttttttttt‘ttn‘t“‘t#““"‘tl‘#‘#‘#““( 1314) 14,3 PCY
(MISSING) I
1
f
Q999.00 ¢ ) +C PCY
(rISSINGE
1
l..-......l.........(.........l.........'....--...l........-l....-.....l....--...l.........l-....-...!
0 200 40¢C 600 800 1000 1200 1400 1600 ° 1800 2000
' FREQUENCY

o TABLE 7.10
7 91 97




VAR LARY F VARO4 1

STATISTICS..

MEAN ' 8. 799
MenE Q.,20%
KURTOSIS 7.526
MINIMUM 1.300

VALID N3SFRVAT{UMS -~
MISSING CDSEQVATIEING -

ERIC - o

JAFuiToxt provided by ERIC

(
(
(
(
(
(
(
(
(
(5.0
(
(
(
(
(
(
(
(
(

0.5
1.0

2.0
2.5
3.0
3.5
4.0
4.5

5.5
6.0

VALUE - { ABEL Compliance Range
’ “{Arbitrary units)

0.0)
0.6)
1.1)
1.6)
2.1)
2.6)
3.1)

3.6).

4.1)
4.6)
5.1)
5.6)
6.1)
6.6)
7.1)
7.6)
8.1)
8.6)
9.1)
9.6)

(3.8995) .

PPESSUPE ~ COMPLIANCE ANALYSIS 4Y“GRADE AND SEASON - RESULTS RY - 07/26/74 PAGE 4
FILE - TAMF ICREAT ION DATF = Jo/l20/74) COMPLFTr FILE - PRIJECT TAY[ - SPRING 1974 -

TYMPAN COMPLYANCE LEFT EAR - FIRSTREC

VALUE AJSOLUTE <Lt AT IVE ADJUSTEN CUMULATIVE

FRFQUENCY  FREQUENCY  FREQUENCY ADS FRED
(PERCENT) = (PERCFNT) (PERCENT)
1.00 39¢ 4.3 . 5.0 5.0
2.00 143 lou 1.9 8.9
300 210 244 2.7 9.7
4 .00 129 3.6 4.2 13.9
5. 00 3o 4.2 5.0 18.8
6.00 . 551 6.0 . 7.0 25.9
7.00 6% 7.5 8.7 36,6
3090 T 9.5 11.0 45.6
9,00 ge7 3.7 11.3 56,9
10. 00 861 C IS 11.0 67.9
1ty 0 135 3.0 9.4 7.2
12. ¢ 562 6.1 7.2 3444
13.an 447 4,% 5.7 90.1
14,90 289 3.1 3.6 93.6
15.00 154 1.7 2.0 9546
16 .20 127 . 1.4 e 9n.2
17,00 2 1.0 1.2 98 .4
18 .00 68 0.7 . 0.9 99.3
19.00 43 3.5 045 99.8
20,00 11 21 0.1 99.9
21.09 2 2.0 S 20 - 100.0
24,90 1 Ju 0.0 103.0
70 .00 1 ve0 9.0 100.0
0.0 °  131% 1443 VISSING 130.0
9999,02 0 0.0 MISSING 100.0
- nTAL 16t 100.0  103.0 0.0
STY ERACR 0.044 HEDTAN g.o87 (3.9435)
STN NEV 3.297  (1.9485) VARIANCE 15.187
SKEWNESS 0.513 v : RANGE . 69,000
M XIMyM 70. 900 o e
TABLE 7.11
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CQUPOSITE FILE PHEPAKATICA = FRCJFCT TaME = SENINC 1574 C6/26/14 PAGE 19 ‘ ’
FILE )AL THCHEATICN UATE = C€/26/74)  COVMPLETE FILE - PRCJECT TARI - SPRING 1676 ‘,
VARIABLE  VARLAL TYMPAN PRESSIRE LEFT FAR = FINST REC 3
cere : ¢
! P ;
1.00 eseseessy | 16C) 1.7 PCT |
(381-400) ! |
{ 4
2.00 see 391 0.2 PCT
. (361-300) 1 :
:
3.CC svs g 45)  n.5 FCT o
(341-360) 1
| : .
!
4oLC sene 58)  Gut PCT
(321-340) 1
- .
: .
5.0 eees 65} €.t PCT
(301-320) ¢
. 1
. N 1
6,00 eeees | 42) 0.9 PerT
(281-300) ll
.
.00 ssedem { 103) L.l KT
(e61-280) 1 .
1
fuul eekeess | 17%) 1.4 PCT
(244-260) : -
1 . - 9 .
0,00 eesesses {  lud)  l.e PCT L
(a1-3i) ¢ -
n_.' .- -
1 .
el sse0veve 142) 1.° pCt - ——
(201-220} ¢ : —
/
1. .
1.0 setezeus { 1431 1.5 PCT
. (181-200) ¢
1
2.CE eeweseen | 141Y 1.5 PFT
(IGLI&O 1
1 .
[_] 13,00 #etsesees ( 164) 1. PCT
{141-160) :
. { )
14.90 - sessedsessse [ 735} Z.E POV
(1213-140) ! ©
1
1
K ,CC osenseessesessse { ELRY 3.3 £CT
— (101-120) ’ R
=) ! i . s,
~ 1
<4 L& LC #ssosesvonstetoprore | IM6) 4,2 fCT .
E { 81-100) :
v 1 .
E 17.6C #Sesosesssvssssseesssossces | £C3) S5.% 827
= (61-80) T
73 t
17 1
E [R.00 sessssittseitssestersssssenasetateneennte (1540 E.7 PLT
( #91-60) !
oz ! w
a 19.00 *esussesssse et PEFIsEsetePavanesseeteseelsesRIRIN etsetRRRIsesseeRsRseess | [513) 1&.5 PCT
w (a-40 ! " :
a ! &
e 2C.CC Se R e RIABER S0P NRIIISEEOO PO RRRININOIYYS I R T R R R T R R L R RN S R LA LA L 1 185C) 20.2 PCT
= {o1-20) !
[ i
= 1
] 21.00 setessesessessessessvrressssssseens {  L27¢) Tk PCT
< { 0-19) |
> t
= 1
(] 22.00 U 1570 1.2 pCT
{ 20~ 23) : . ;
H .
23,06 vx 183 0.2 fCT
{ 40- 59) 1
1 '
1
24.C0 2 L 61  C.l PCT
(60-79) ! '
1 0
- : N
25.00 o 5)  C.l PCT . :
+ { 80- 99) : - ' .
1
b.0) v L IS IR 1 4
(100-119) ll
1
28,00 ¢ 1) e fCF .
(120-129) :
1
WL~ o 15 6.0 PCT
(40-159) | -
{ .
. 31.00 .0 PCT .
(160-179) 1
: ! .
0.0 :uuuinu..uu-oo...o.oonnnouou-u.u-nuunuuunuuo( 13151 l4.3 pCT
{MISSING) 1
1
1
* §546.CC » { 0} 0.0 fCT
IMISSING) 1 ,
1
] 400 acc ecc tcee 1200 1400 1600
FREGUEACY
.
VALIC  ONSERVATIONS ~ 1854 |
FESSING CSEAVATIOAS ~ 13i5

o - TABLE 7.12
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!

_PRESSIRE — COMPLIANCF ANALYSIS BY GRADE AMD SEASON — RESULTS RY 07/2
FILE  TAM] {CRFATINN DATE = 0&/26/74) COMPLETE FILE - PRIJECT TAMI - SPRING 1974
TVARIARLE  VARD40 TYMPAN PRESSURF LFFT EAR — FIRST RECG .
VALUE LABEL VALUE ARSOLUTE RELATIVE  ADJUSTED
~ FREQUENCY  FREJQUENCY  FREQJENCY
Air Pressure Range {PERCENT)  (PERCENT)
(mm H,0) T T TS TSt TToTTom o T m T
. (381-400) l 1.00 léo ' 1.7 2.0
(361-380) 2.00 30 0.3 / dab
(341-360) 3.00 45 0.5 J.6
(321-340) 400 59 0.k 0.7
: (301-320) 5.00 69 0.8 9.9
" (281-300) T .00 B3 2.9 - 1.1
(261-280) 7.00 13 1.1 1.3
(241-260) 8.00 125 1.4 1.6
() (221-240) a.00 144 1.¢ 1.8
' (201-220) - L 100 142 1.5 1.8
(181-200) 11.90 140 1.5 1.8
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GUIDELINES FOR THE SELECTION OF HEARING

SCREENING FACILITIE
. G s

I. Room Size

A. Puretone: .

' 1. For initial test days, a room approximately 45' x 60' is
suggested in order to accommodate 4 stations simultaneously.
2. For rescreen day, a room of 45' x 60' will again be required.
3. Room suggestions: (a) Library . .

: (b) Stage separated ‘by panels and/or

curtain ,
(c) Large classroom

r B. Tympanometry: . : :
B 1. For initial test days,.a room approximately 45' x 60" is
‘suggested in order to accommodate 3 stations simultaneously.
2. For rescreen day, a room of 45' x 60' will again be required
if 3 stations wilT be oparated. If there will be less than
3 stations, a room of 9' x 15' is necessary for maximum
efficiency. 7 ,
3. Room suggestions: (a) Multi-purpose:rcom
Gymnasium
Auditorium

a
b
c
d) Large classroom

.
e NP S

e}

Ii. Location of Room

A. Puretone: Testing should be accomplished in areas as free of
' excessive noise as possible. Consideration should, thus,
be given to ‘testing away from the boiler room, play area,
_ kitchen, lunch rocm, and any other heavily trafficked area.
B. - Tympanometry: . Noise is not a factor in tympanometric testing.
For efficient traffic management, however, the tympanometry
L facility should be as close to the puretone facility as
possible. For efficient eartip sterilization, a nearby
water source is desirable. ST

III. Internal Room Requirements

A. Puretone
1. Enough outlets for four pieces f equipment
2. Adequate lighting 2
3. Furniture
a. 4 3' x 6' tables, each with two chairs;.or 4 pairs of
desks and chairs
b.- 13" x 6' table for data record retrieval and miscel-
laneous data recoiding
B. Tympanometry . _ = _
- 1. Enough outlets for five pieces of equipment
2. Adequate lighting ) ' '
3. Furniture : : :
a. 3 3' x 6' tables, each with three chairs
b. 2 3' x 6' tables, each with two chairs

Note: The rooms should be as free of extraneous furniture as possible
for adequate traffic management.
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PURETONE SCREENING PROCEDURE

Situate the child so he. cannot see any Wials or nand movements..
Be careful not to give visual jor verbal cues, such-as nodding your
head, or asking if he has heard the tone as you present it, or
moving your hands and arms excessively.

a

1. ‘Using =ppropriate ]anguage, instruct the child to:

>

~'a «~ raise his hand whenever he hears a tone, even if he bare]y
hears it. :
b. keep his hand raised unt11 the tone goes off.
c. Tlower his hand as soon as the tone stops.

»2., Place the earphones on the child and set the audiometer so that:

the intensity dial is set at 40 dB HL.

. . the frequency dial is set at 1000 Hz.

the stimuTus lever is in.the "tone off" position.

the signal is directed to the last ear tested on the
previous child.

a0 oo

3. Depress stimulus lever for épprox1mate1y 2-3 seconds. If the
child does nct respond, present the tone again. Reinstruct if
no response.

4, Once the child is respondihg satisfactorily, reduce intensity
to 20 dB. Present tone for 2-3 seconds. If child does not
- respond, up to three presentations are permissible before failing.

(&)]

Change frequency dial to 2000 sz repeatvas for #4.

6. Change. Trequency dial to 4000 Hz ?ntens1ty dial to 25 dB
repeat, as for #4.

7. Tell aide "Pass" if all frequencies are passed. Indicate which
frequencies are failed, if any. Avoid telling the child.

8. Switch signals to the opposite ear.

9. Test at. 4000, 2000, and 1000 Hz.

NOTE:- Failure to respond to.any fréqUency in either rar ce.: stitutes
failure of the original screen1ng, and necessitates a-re-
screening. , ‘

Failure to respond to any frequency in either ear on_the

rescreening, results in 1mmed1ate threshold test1ng of the
fa11ed ear(s)
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PROCEDURES FOR IDENTIFICATION (SCREENING) AUDIOMETRY

The purpose of identification audiometry is to define those
children who may have an educationally significant hearing loss, mean-
ing a shift in air-conduction hearing sensitivity. The children so
defined, are candidates for threshold audiometry. .ldentification
audiometry does not attempt to indicate the amount of Toss nor does
it indicate, necessarily, the breadth of the loss in terms of number
of frequencies involved. The sole purpose of an identification audio-
metry program is to define those children in need of further audiometric
testing. ’ \ : &

Many different procedures have been used in thg past to screen
groups of children. Before puretone audiometers were widely available,
phonograph recordings were used. Probably the best known example of

_that type of testing was the Western Electric Fading-lumbers Test.

Pairs of numbers recorded at progressively lower levels were dglivered
through as many as 40 he¢adsets. The primary defect in the fading-
numbers test was that children with hearing deficits in the range

above 500 Hz could often pass the test. Other:screening tests that
employ highly familiar speech signals have thé same difficulty.

~As the availability of the puretone audiometer increased, puretone
screening tests became more widely used. Both group tests and individual
tests were developed. Group testing offers an apparent saving in time;
nowever, this saving is usually. not realized, being offset by the in-
creased set-up time. In addition, calibration and maintenance of the
multiple earphones and the difficulty in providing an adequate test
environment for a large group of children are also problems, unless

-a mobile test unit is available. In situations where the tester must

move from school to school and set up-his equipment in each school,
the individual sweep-frequency test, administered with a puretone
audiometer is the test of choice. The procedures detailed in thise
presentation describe a method for accompiishing such a test. .

Factors affecting test methodology -4

Before describing the specific test prccedure, we should Took
first at several facts related to the choice of a test methodology.
First, most identification audiometry programs must take place in a
regular school environment. Sound-isolated test areas are not avail-
able in each school in most districts. Therefore, any consideration
of procedure must recognize the fact that ambient noise may well be a .
problem during the test session. Second, ambient nojse has its pre-

- dominant energy in the low frequencies. Therefore, its effect on a

screening test would be most pronounced for the low.frequencies. The
result of high ambient noisescoupled with a screening test which in-
cluded measurement in the low frequencies, will be a high number of
over referrals (false-positive identifications). Nor is the phenomena

~ limited to screening tests. Many investigators have done threshold

measurements in the same environment in which the screening test was
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. accomplished and attempted to validate their screefiing results by
showing large numbers of children with hearing loss in thellow fre-
quencies only. However, in carefully controlled studies in which
the threshold validation measurementgvaie compieted in a sound-
isolated room, it becomes apparent that there are not nearly so
many ch11dren with hear1ng loss in the Tow frequencies only; in
fact, ambient noise has simply affected threshold and screening
tests in such a way as to suggest this problem.

The significance of this argument is to recognize that although
it might be most efficient to screen a representative sample of
frequencies including Tow- and high-frequency tones, the fact that
ambient noise will affect the tests in the low frequencies precludes
such a recommendation. Thus, the procedure described in this pre-
sentation may properly be considered a limited-frequency test, since
the low frequencies are excluded. A recent research-study, testing
the accuracy of thijs method, demonstrated it to be very nearly as
accurate .as a screening test including the low frequencies and done

in a iYEPd’iSO]ated test environment.

Screening procedures

o

Now, let us look at the specific method The test ffequencies
of 1000-Hz, 2000 Hz, and 4000 Hz are included. Each ear is screened
1ndependent1y

-

The screening levels are 20dB HL at 1000 Hz and 2000 Hz and

25 dB HL at 4q00 Hz. In practice, the tester should screen at 20 dB HL

at all frequencies, but if 4000 Hz is not ‘heard, the audiometer output
should be increased to 25 dB HL to detérmine pass or fail. Since most
children will hear all tones at 20 dB HL, the hear1ng level dial. often
rema1ns at one sett1ng for .the entire test.

Fa11ure cr1ter1on is def1ned as failure to respond at the

recommended-screening level at any frequency in either ear. AT]l ch11d-

ren failing the screening test are to be rescreened, preferably during
the same day. We cannot over emphasize the importanceé of this manda-
tory rescreen. Recent research has' shown that the rescreen will re-

. duce by 50 percent the children who are referred for further testing,
since many times the rescreen allows’ a child to complete the test

. satisfactorily rather than to .be referred for threshold testing.

Children who fail the rescreen, méaning that they have failed
two screening tests, shall be referred for threshold audiometric eval-
uation. Referral for medical treatment and/or educational management
shall be based on- the results of the threshold test. This system
demands that threshold testing be accomplished without undue time -
passing between the screening testing and the threshold testing.

~ - ' ‘
To review the specific procedure, we note first that the fre-
-quencies to be screened are 1000, 2000, and 4000 Hz in each ear.
Second, that the screening leve s are 20 dB HL at 1000 and 2000 Hz
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and 25 dB HL at 4000 Hz. Firally, failure to-respond at any fre-

quency in either ear constitutes failure of the original screening

test which results in a recommendation for a rescreen. Failure of

the rescreen, based on the same criterion, constitutes basis for

reterral for threshold testing. Recommendaticns for both medical
' and non-medical help are to be based ey the results of the threshold
X testing.

a,

Procedural considerations ' o X

~ Next, we should look at procedural considerations related to
,the screening test. As in puretone threshold audiometry,.certain
eneral factors may influence the screening results. They are:
?1) the instructions; (2) the response task, and (3) the manner in
-which the tester interprets the individual's response behav1or
i during the tést. ) : -

-

O .

Instruct1ons Taken in order we w111 cons1der the instructions
first. They should be phrased in language appropriate to the child

and should: (1) indicate he is to respond whenever the tone is

heard even if barely heard; (2) indicate the method of resporise” to

be used; (3) indicate the need to signal as soon as the tone comes

on and to continue to signal until the tone goes off; and- (4) describe -
the method of indicating the ear in which the s1gna1 is heard. '

In screen1ng aud1ometry, the ch11dren are usua11y 1nstructed in
a group. ‘The instructions will necessarily differ in wording depend-
ing on whether the children are Kindergarten age or high-school age.

* However, the basic principles enumerated above should be covered in
any instructions regardless of age. An example of instructions for
K1ndergart§n age children, which meet the requirements above, might -
be as. follbws: "You are going to hear a soft sound which is kind
of }ike a whistle. No matter how soft it is, I would like you to
raise your hand when you hear it and put your hand down when it goes
away. Let's practice that now." At this point, the examiner may
either whistle audibly or turn the tone, on with the hear1ng level

. dial set at maximum output while .holding the earphones in front of
the children. Both the examiner and children are to raise their
hand when the tone comes on and put them down when it goes away. If
a child is hesitant to respond, the examiner may take his hand and
show him the response using adequate SOC1a1 re1nforcement such as a
smile, or saying that's a good JOb etc. « - . -

Once the children have shown that they can signal proper1y, the
instructions might continue "Gee that's great -- now I'm going to
make the game harder since you're all doing so well. Let's say that
if you hear the whistle in this ear you will point-to it and if you

« hear it in this ear you will point to it. Now remember, raise your
hand even if it is a very soft or tiny sound."

7” .
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Those instructions may be contrasted to ah exam;le of the in-
structions one might use with an older group of children: "You are
going to hear some very soft tones. I would like you to raise your
hand as soon as you hear a tone, keep it'up as “long as you hear the ™
tone, and put it down when the tone goes away. Please use your right
hand for your right ear, and your left hand for your left ear. Re-
member, even if a tone is very soft, raise your hand when you hear
it, keep it up as 16ng as you hear it, and put it down when it goes
away." In each set of instructions, the four factors listed have been
included, even though the language used has peen different. Remember,
the important thing is to phrase the instructions in language com-
fﬁr%gb1e to your manner of speaking and appropriate to the age of the
chi :

3 / ‘

Response task. The second general area consideréd is that of re-
sponse task: Some form of overt responses are required from the sub-

"ject to signal when the tone goes on and when the tone goes off. Any

response task meeting this ¢ériterion is acceptable. Examples of
commonly used responses include: (1) raising and lowering the fin-
ger, hand, or arm; and (2) pressing and releasing a signal-light
switch. Children of school age may be expected to accomplish any
of thése tasks. Occasionally, a Kindergarten child or pre-school
child may be fearful in a test situation and it may be advantageous
to substitute a play-audiometry response task to overcome his fears.
In such a case, the placement of a ring on a spindle or the dropping
of a marble in a bottle, or similar activities may substitute as a
response. However, when such a response is used, remember that the

~ child is responding only to tone onset. Since the tester gets only

one indication of response per signal, more sampling may be needed
at each hearing level. ‘ -

ﬁegponse behavior. The third general area is that of interpretation

"of response behavior. The primary factors which the tester uses

are: (1) latency of response, (2) presence.of both on and off re-
sponses, and (3) the number of false alarm responses. '

, The latency of thé on responses should be consistent. That
is, the child should signal the tone onset without a long delay -

_preceding his response. '

'S%hcé'eaCh tone presentation prdvides the opportunity for two

. responses--on response and off response--the tester should take ad-

vantage of both in determining the validity of a child's response.
The tester should remember that in determining whether or not a

_response is valid, the ability of the child to signal both onset and

offset greatly facilitates the decision. If a child is simply raising

| 1.0"8{
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his hand any time while the tone is on and putting it back down
* jmmediately, tiere is a much better chance of his randomly respond-
ing and hitting some portion of the tone-on interval, when in fact
he doesn't hear the tone at all. Thus, if a child is not signaling
both tone on and tone off, the tester should remove the earphones
and re-instruct the child. ' '

Finally, false-alarm responses make it very difficult for-the - —— —-
tester. A false-alarm response is defined as a response by the chiid
when no tone is present. The tester should remember that the child.
may well think that he is pleasing the tester when he raises his . o
hand; in fact, almost any child left for some time with no tone on '
following instructions, will raise his hand, imaginging that he does
hear a tone. Some children“are so eager to try to please, that they
present a very high rate of false-alarm responses. When this occurs,
the tester should first reinstruct the child saying, "Remember, I
want you to raise your hand when you are sure (emphasize the sure) o
that you hear the tone." Along with the re-instruction the tester :
. may ﬁantuto present a tone at a clearly audihle level and
o to the child again-the raising.of his hand, keeping it up. as long as
. the tone is on, and putting it down when it goes away, and then -
\ return to the screening level. \

Possible problems in screening audiometry

Equipment calibration. The condition and calibration of your test
equipment is, of course, crucial to the obtaining of valid results.
Research has demonstrated’ that many portable audiometers in-use in
public school hearing conservation programs do not meet calibration

’ standards. On the other hand, a recent study has demonstrated.that
if such equipment is placed in full calibration, it maintains good -
stability during periods of heavy use in screening audiometry, sug- -
gesting the fact that many audiometers used in schools may never
have been placed in full calibratipn. The-tester must determine
that “he equipment being used is v!ceiving the ne ;xssary full-scale
calibration on at least an annual basis. In addi..on to this, many
school districts may want to provide the necessary sound-measurement
equipment to complete intensity-only calibrations on a more frequent . *
basis. Finally, each piece 6f equipment should be checked by the :
tester prior to the start of the day's testing. To complete sucha ™ - LT T
check, the audiometer is to be plugged in and allowed to warm up at
least five minutes. The tester then puts the earphones on himself,
turns the hearing level dial to the screening levels-and listens to.
the signal first in one ear aiid then in the other. This check allows
the tester to be sure that equal signals are being delivered to each
earphone. If not, e should use a spare audiometer. ° In addition,
he Tistens for any audible clicks Bk\other sounds which might clue
the child as to the -presence ofi-the tone. If such clicks, etc., are

- present, again, a spare audiometer should be used. A reserve

complement of 15-20° percent 1s suggested (or one spare for every
six audiometers in use). g o : '
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Test environment. The test environment must be adequately quiet

to allow testing to be completed. A check to determine the ade-
quacy of a test enviroriient .1y be completed by using a sound
level meter and comparing results to normative values. If such

equipment is not available, you may presume that screening cannot

be satisfactorily completed in any room where you cannot consis-
_tently hear all screening frequency-tones—at-levels 10°dB less in-
tense (softer) than the screening levels. In such cases, other
testing space should be sought.

Earphone placement. -The placement of earphones is important. The

tester should place the earphones on the child and see that they
are properly aligned with the ear canals. Occasionally a child,
in placing the earphones, will not provide 'such an a11gnment and
may even, in rare cases, foid the pinna over the ear in pulling

the phones on from beh1nd

Unintentional cues. The mannerisms of the testerﬁhgy provide un-

intentional cues to the child as to when the tone is on and when it
is off. For example, if you look down at the test equipment, switch
the frequency dial setting, Took up at the child, and then turn the
tone on, he may be responding only to-the fact that you have looked
at him expectantly. More subtle cues such as shoulder movement,
etc., may be apparent to the child. Some testers have tha child
face away to avoid this problem. However, the tester then Toses
many valuable cues to responses in the form of eye movement, etc.
Also, without eye contact, some social reinforcements such as a
sm11e or a nod of the head cannot be used.

- A good way to check for the possibility of unintentional cues -

s to have a friend serve as a subject and observe carefully your

testing manner to see if any detectable cues are present. Similar

to observable visual cues, timing cues may also be apparent. Testers
often fall into a rhythmic pattern of tone presentation. The child
may be responding to an expected tone based on the past rhythm of
presentations rather than to an actual tone. Again, falling into a
rhythmic pattern may produce a highe~ rate of faise alarms. Vary

the interval between tone presentations and, see that you don't fall

{”Jnyp a rhythmjc pattern.

Response behavior, This may'1ead to a question of the number of sig-

nals to be presented at each frequency. Since in screening audiometry,
fewer presentatiocns are prov1ded at each level, it becomes essential
that the child realize that he is to raise his hand when the tone is
on and put it down wthen the tone goes off. The child may believe

that the simple act of raising his hand is what will please the tester.
In your instructions to the children, you should emphasize that only

if the hand is raised at-the appropr1ate time, kept up for the dura-
tion of the tone, and put down at the end of the tone, is the task

“
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being completed successfully. One good way of illustrating this is
to use an audible whistle to teach the children to respond, and use
a very pronounced effort to produce the whistle. Then, after sev-
eral correct responses to your whistle by the group of children, go
- through the same elaborate physical motions without the whistle.
Invariably, some children wil} raise -their hand; you may themsay — ~ —
- something such as "Caught you, didn't we. Remember, your hand goes
up only when the sound is there." Given the proper mental set, the
child is prepared to indicate both an on response to tone onset and
off response to tone offset. If the tester is satisfied that the
child has responded to the tone, it may be necessary to provide only
one presentation at each frequency. However, if any question exists
in the tester's mind, multiple tone presentations should be used at
each level. In such a case, it becomes crucial to vary the duration
between tone presentations and, perhaps, even switch from one ear
to the other, to determine that the child is in fact responding
appropriately. If, after one or more of these methods has been
attempted, the responses still seem somewhat questionable, the
child should be-failed—-on-the-sereening test. Remember, each:child
is then rescreened and there will be an opportunity to re-instruct,
and again sample the child's responses. .

Misrecording of data. “The recording of results-is-important. ~Migs e
recording of data may include two tynes of errors. First is the
simple error in data recording on th'. Results Form. Be sure that
you have entered the screen result for the proper frequency and
ear. The second type of error may be the intentional misrecording
of data such as occurs becausgﬁof previous expectations. For ex-
~ample, we may expect a child to have better hearing than he is
demonstrating and so accept any response which happens to fall dur-
ing the time the tone was on rather than holding to the rather
rigorous response criteria described above. We then record him as
~_ a pass. The tester's first reaction to this type-of ‘information is
"Who, me?," yet 1 would dare say that-all-persons who. test hearing
~have at one time qr another misrecorded data in this manner.

- Audiometer cues. Just as the tester may provide unintentional cues
to the child, the operation of the audiometer, may provide unwanted
cues. For example, a noisy tone interrupter switch or the over-
zealous pushing of a’tone interrupter switch may provide a clearly
audible click which the child detects. The child is not intentionally
trying .to cheat on the screening test; however, when he hears this .
click, he is apt to imagine the tone is present.and so signal. Other ~
examples of instrument cues include the reflection of a tone-on light
on the face plate of the audiometer from a shiny button on the tester's
clothing, the visibility of this tone light from the back of the
audiometer so that the child can clearly see the tone-on light going
on and off, or the presence of acoustic clicks coupled with the
signal, as discussed under calibration. Again, careful observation
is nécessary to find and/or avoid this problem. -

~
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Fear of test situations. Some children, particularly very young

children, may be frightened by the circumstances surrounding

the test. ' In most such cases, simple reinstruction afnd/or inclu-
sion of play-audiometry response procedures will allow the tester
to comp1ete the test. Reinstruction is an_important part of the

“vescreening process, also. Children frequently fail the first
screen because they did not understand the instructions.

Grade level. Practical experience along with research findings

have suggested that the highest degree of inaccuracy in identifi-
cation audiometry is found in first grade children, contrary to
what might be expected. It is quite possible that the tester spends
the necessary time to teach the Kindergarten child the correct re-
sponses, and then presumes that the first grader will recall the
test procedure when he is tested the following year. Apparently,
such is not the case. The tester should be aware that first graders
may need the same extensive instructions and, perhaps, practice
given to Kindergarten children.

To conclude, the completion of identification audiometry de-

~mands first that proper equipment, maintained and calibrated, be

provided. "Secondly, an aderuate test environment must be avail-
able. Third, the child must be properly instructed. Fourth, a
standard method of measurement is to be employed. Finally, the
tester must avoid any unintentional cues which would influence
the test results and critically evaluate the response behavior.

tz
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PURETONE AIR-CONDUCTION THRESHOLD AUDIOMETRY

Purétone threshold audiometry is defined as the measurement

| of an-individual's-hearingsensitivity for—catibratedpuretomes.— T
Two general methods are employed clinically: (1) testing at selected

frequencies by manual audiometry which will be referred to as manual

puretone audiometry and (2) discreet frequency or sweep frequency

testing by audiomatic audiometry,referred to as automatic audiometry.

This presentation defines the methods employed in manual puretone

air-conduction threshold audiometry. :

"

/

. In a school hearing conservaticn program, threshold audiometry
‘ ‘ is used to define the actual hearing levels of children who have failed
the identification audiometry procedures. Although a perscn's thres-
hold may be defined for-a variety of test signals, pure tones are used
in order that the clinician may understand the child's hearing sensi-
tivity across the frequency spectrum for each ear. e .
The classical tuning fork tests are the historical ante-
cedents of manual puretone audiometry. The development of the
audiometer, approximately fifty years ago, made it possible to con-
trol the intensity and duration of a puretone signal in ways that
were not possible with tuning.forks...Thus, the audiometer permitted
more reliable and, in some cases, more sophisticated tests than had
been possible with tuning forks. However, even when..calibration of
equipment is maintained, valid measurements of a person's hearing,
sensitivity are not always obtairned. One critical factor in the de-
termination of hearing thresholds is the test methodology employed.
In this discussion a standard set of procedures is presented for
accomplishing manual puretone audiometry in a way that will minimize
differences in test results based-on examiner methodology.

* Factors affecting asseésment of puretoné thrésho]ds

s Three general factors that may influence the assessment of
puretone thresholds are: (1) the instructions to the individual
being tested; (2) the response task given to the individual. and (3)

- the manner in which the taster interprets the individual's response
behavior during the test. .

Instructions. Taken in order, we will consider the instructions
. _first.  They should be phrased in language appropriate to the child
' and shouid: (1) indicate he is to respond whenever the tone is heard
even if barely heard; (2) indicate the method of response to be used;
' (3) indicate the need to signal as soon as the tone comes on and to
continué to signal until the tone goes off; and (4) describe the
method of indicating the ear i which the signal is heard.
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~ In working with school-aged children, the instructions will
necessarily differ in wording depending on whether the child is
Kindergarten age or high-school age. Howzver, the basic principles

_enumerated above should-be covered-in-any—-instructions -regardless--—

of the child's age. An example of instiuctions for a Kindergarten
child, which meet the requirements above, might be as follows: "You
are going to hear a soft sound which is k1nd of like a whistle. .No
matter how soft it is, I wou1d‘11k6'you to raise your hand when you
hear 1t and out your hand down when it goes away. Let's practice
now." At this point, the examiner may either whistle audibly or
turn the tone on with the hearing level dial set at maximum output
while holding the earphones in front of the child.. Both the ex-
aminer and child are to raise their hand when the tone comes on and
put it down when it goes away. If the child is hesitant to respond,
the examiner may take his hand and show him the response us1ng
adequate social reinforcement such as a smile, or say1ng that's a
good job, etc. -

Once the child has shown that he can signal properly, the

- instructions might continue "Gee, that's great--now I'm going to

make the game harder since you're doing so well. Let's say that

if you hear the whistle in this ear you will point to it and if you
hear it in this ear you will point to it. Now remsmber, raise your
hand even if it is a very soft or tiny sound."

Those 1nstruct1ons may be contrasted to an gxamp1e of the
instructions ore might use with an older child, such as: "You are
going to hear soie very soft tones. I would Tike you to. raise your
hand as soon as you hear a tone, keep it up as long as you hear the
tone, and put it down when the tone goes away. Please use your
right hand for your right ear, and your left hand for ‘your left
ear. Remember, even if a tone is very soft, raise your\hand when .
you hear it, keep it yp as long as you hear it, and put ‘it down when

it goes away." , In each sét of instructions, the four factors listed

have been 1nc1uded,,even though the language used has been differ=
ent. Remember, the important thing is that you phrase the instruc-
tions in language comfortable to your manner of speaking and appro-
priate to the age of the .child.

J
A

Response task. The second general area considered is that of re-
sponse task. Some form of overt responses are required from the sub-
ject to signal when the tone goes on and when the tone goes off. Any
response task meeting this criterion is acceptab1e Examples of
commonly used responses include: (1) raising and lowering the fin-
ger, hand, or arm; ahd (2) pressing and releasing a signal-light’
switch. Chderen of school age may be expected to accomplish any

of these tasks. Oqcasiona]1y, a Kindergarten child or pre-school
child may be fearful in a test situation and it may be advantageous

to substitute a play-audiometry response task to alleviate his fears.
In such a case, the p]acement of a ring on a sp1nd1e or the dropping

2
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of a marble in a_bottle, or similar activities may substitute as

a response. However, when such a response is used, remember that

the child.is responding only to tone onset. Since the tester gets
T ——onty-ore indication of response per signal, more sampTing may be T
- - needed at each nearing level. '

Response behavior. The final general area is that of interpreta-
tion of response behavior. The primary factors which the tester
may use in determining an -individual's threshold are:- (1) latency
of response, (2) presence of both on and off responses, and (3)
the number of false alarm responsés.

The latency of the on responses should be consistent. That

~is, the child should signal the tone onset without a long delay N
preceding his response. The first response to a tone in an ascend- \\\
ing series may be slower than succeeding responses. However, the .

_response to a tone presented 5 dB higher should be strong.and with- \\\\\

out hesitation. If the subject %oes not respond sharply to tones
that are 5 dB higher than the initial response Tevel, the validity
of the first response is suspect. In such a case, the tester should
go up in additional 5 dB steps until a sharp, clear, consistent -
response is obtained.

Sinceseach tone presentation provides the opportunity for
.two responses-=-on response and off response--the tester should take
advantage of both in determining the validity of a child's response.
The tester should remember that in determining whether or not a
response is valid, the ability of the child to signal onset and
offset greatly facilitates the decision. If a child is gimply
raising his hand any time while the tone is on and putting it back
down immediately,.there is-a much better chance of his randomly re-.
sponding and hitting some portion of the tone-on interval, when in
fact he doesn"t hear the tone at all. Thus, if a child is not
signaling both tone on and tohe off, the tester should remove the
earphones and reinstruct the child. _

. Finally, false-alarm responses make it very difficult for
the tester to determine threshold. A-false-alarm response is defined
as a response by the child when no tone is present. The tester
should remember that the child may well think that he is pleasing:
the tester when he raises his hand; in fact, almost any child left
for some time with no tone on will, following the instructions, raise.
his hand, imagining that he’does hear a tone. Some children are - °
: v so eager to try to please, that they present a very high rate of
. o . false-alarm responses. When this occurs, the tester should first
s L reinstruct the child saying "Remember, I want you to raise your hand
when you are sure (emphasize the sure) that you hear the tone." This
“instruction is different than thg original instruction and suggests
to the child that he is to be sure he hears it. For a child pre-
senting a high rate of false-alarms, however, such reinstruction will

. . ' 1 1{3 N - 4 RE
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often allow the test to be completed.. Along with the reinstruction
the tester may want to present a tgne at a clear]y audible level
and, demonstrate to the child agatn, the raising of his hand, keep-

ing it up as long as the tnne_is_on_and_putt;ng-%t-dewn~wbcn—ay

goes away. Coupled with strong social reinforcement, such demon-
stration and/or reinstruction will often reduce the rate of false-
alarm responses. Another procedure which can be used in many cases

~is-that-of pulse counting. The tester tells the child that he may
hear either one, two, or three pulses and he is to report which.
Then by pulsing the- tone appropriately, the va11dity of the response
can be determined by the accuracy of the child's response

Threshold measuremen§¥procedures

Now let us consider the actual threshold measurement method.
The basic procedure consists of two separate and distinct steps:
(1) familiarization and.(2) threshold sampling. These steps are
the same regardless of the frequencies being tested, or the type
of test--air conduction or bone conduction.

Fami]iarization. Familiarization assures the examiner that the sub-
ject understands and can perform the response task expected in
addition to letting the subject become familiar with the particular
signal. The specific step to be used is as follows: -with the

tone turned on, but completely attenuated (heafing level dial at
zero), the intensity iifsrﬁdually increased until a response occurs.

Turn the tone off. This/simple step has accomplished both of our -
desired goals. First, the subject has demonstrated his ability to

~.._complete the response task. Second, the subject is familiar with

N

the frequency of the tone under test. This step of fam111ar12at1on
is pre11nnnary to threshold determination.

Threshold samp11_g_ ‘The\method of threshold exploration descr1bed
is cons1dered a standard procedure-for manua] puretone audlometry

F1rst the exploration for threshold is carr1ed\out\by\means

of short tone presentat1ons, varying in duration. These presenta=—-—- .

tions normally don't need to be longer than one to two seconds; how-
ever, they should always be of sufficient duration to allow the sub-
ject time to respond. The interval between tone presentations should
be of variable length also, but should be no shorter than the test
tone ‘

Second, the level of each presentation is determined by the
response to the preceding presentation. The first tone is presented
at a level-20 dB below the level.of-.the familiarization response.
After each failure to respond to a “tone, the hearing level is
~increased 5 dB until the first:response occurs, Following: the first

. response, the tone is raised 5 dB for the next presentation. After
the second consecutive response, the tone is decreased 15 dB and .
another series of ascending presentations is begun./ It is.to be
emphasized that during threshold determination, the hearing level
dial is never turned while the tone is on..
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Third, following the above rules for level of signai,
threshold-is defined arbitrarily as the lowest level at which re-~
sponses occur in at least half of “the ascents with a minimum

requ1rement of three responses at a s1ngTe Tevel.

- Let us look at an example. Assume that we're dealing with
an older child who has been properly instructed, the ear under test
has been selected, and the frequency to be tested has been selected.
We first set the hearlng level dial at 0 dB; next we .turn the tone
on by depressing the tone interrupter switch; we then sweep the
hearing level dial up until the child signals that he hears the

‘tone. Assume that he does this at a hearing level of 50 dB. We

then turn the tone off. Next, to start threshold exploration, we

attenuate (reduce) the hearing lesel dial setting by 20 dB, or to

a.setting of 30 dB HL, and present the first signal. If the subject
does not respond to that tone, we increase the level by 5 dB to 35
dB HL and again present a tone. Assuming that he does respond at
this level, we go up an additional 5 dB and present a tone at 40 dB
HL. When he responds with his second consecutive response, we
attenuate the tone 15 dB and again ascend in 5 dB steps. Threshold
would be defined as thexlowest level at which he responds correctly
a minimum of three ti%%? with the maximum number of ascents being 6.
In summary, the specific test methodology consists of two steps,
familiarization and threshold exploration. The procedures to be
followed by the tester are specjfically’detailed.

r

Test frequencies

Next, we need to censider the frequencies to be tested, the '

order, and the recording of results. Thresholds are usually de-
term1ned at octave intervals from 250 Hz. through 8000 Hz. If the

difference in thresholds obtained between any two successive octaves
is 20 dB or more, and the audiometer allows for testing at inter- -

octave intervals, complete such a measurement. An example would be
a hearing level of 20 dB af 1000 Hz with a hearing level in the
same ear of 50 dB at 2000 Hz. In such a case, a measurement. at
1500 Hz is indicated. When appropriate information is available,

_ the better ear shall be tested first. The initial test frequency
shall be 1000 Hz. If no information is available as to. the status
of the ears, it is su ested that the test begin in the r1ght ear

at 1000 Hz and next, [complete the measurement at 1000 Hz in the
left ear. Continue the test :.n the better ear,if one is determined.

‘The sequence is to bex]000 Hz, 500 Hz, 250 Hz, retest at 1000 Hz,
2000 Hz, 4000 Hz, and 8000 Hz. Having completed the test in one

ear, complete the measurerent in the:second ear fOIIOW1ng the same
seguence. . .

Recording results

ing s a "0" for a1r conduction measurements in the rlght ear
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and an "X" for air conduction measurements in the left ear. Air

conduction scores for each ear are to be interconnected by a solid
line. If no response is obtained at the maximum limit of the

audiometer, the symbol for that ear is to be placed onthe audiogram - -- -—

at the level of the maximum output of the audiometer with an arrow
pointing down.

- . /

To review, the method for manual air-conduction puretone

threshold audiometry is as follows: Instruct the child in language
appropriate for his age indicating the response task, which is to
include a signaling of both tone on and tone off as well as the ear
in which the tone is heard. Next, the determination of threshold
includes both familiarization and threshold exploration. Familiar-
ization is accomplished by turning on the tone and gradually sweep-
ing up until the child signals that he hears it. Threshold explora-
tion is then begun at a level 20 dB below the child's response to
the familiarization tone. It consists of short-duration tones at
levels based on the response to the preceding presentation. After’
each failure to respond, the level is raised 5 dB until a response
is obtained and then raised an additional 5 dB. After two consecu-

‘tive responses, the intensity is decreased 15 dB and another series

initiated. Threshold is defined as the lowest level at which re-
sponses occur in at least half of the ascents with a minimum of
three responses required at a single level. Air-conduction thres-
hold measurements are completed at octave intervals from 250 Hz
through 8000 Hz,and at interoctave intervals when any two successive
octaves differ by 20 dB or more.. The order of presentation begins
at 1000 Hz, tests the lower frequencies, and then sequentially the -
frequencies above 1000 Hz. - . .
. H .

Possible problems in air-conduction measurements -

Equipment ca]ibration.” The condition and calibration of your test -

equipment is, of course crucial to the obtaining of valid results.
Research has demonstrated that many portable audiometers in use in
public school hearing conservation programs do not meet calibration
standards.. On the other hand, a recent study has demonstrated that

if such equipment is placed in full calibration, it maintains good v
stability during periods of heavy use, suggesting the fact that

many audiometers used in schools may never have been placed in full
calibration. The tester must determine that the equipment being

used is receiving the necessary full-scale calibration on at least

~an annual basis. In addition to’this, many ‘school districts may

want to provide the necessary sound measurement equipment to complete

intensity-only calibrations on a more frequent basis.- Finally, each

piece of equipment should be checked by the tester prior to the start
of the day's testing. To complete such a check, the audiometer is
to be plugged in and allowed to warm up at least 5 minutes. The

*
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tester then puts the earphones on himseif; turns the hearing level
dial to 30 dB and listens to the signal first in one ear and then
in the other ear. This check allows the tester to be sure that

equal signals are being delivered to each earphone. Then, the

tester quickly deétermines his threshold in each ear..  The obtained
results should compare favorably with his known threshold. If not,
he should compare his results on that audiometer to those obtained
on a spare audiometer. In addition to determining threshold, he
listens for any audible clicks or cther sounds which might clue the
child as to the presence of the tone. If such clicks, etc., are
present, again a spare audiometer should be used. A reserve comple-

ment of 15-20 percent is suggested (or one spare for every six
' audiometers in use). ' K .

Test environment. The test environment must be adequately quiet

to allow testing to be completed.  Ambient noise is present pre-
dominantly in the low frequencies and will interfere most with test-
ing at 250 Hz, and then 500 Hz and 1000 Hz. In most school environ-
ments, testing at frequencies above 1000 Hz can be completed without
undue concern for ambient noise. A check to determine the adequacy
of a test environment may be completed by using a sound level meter

“and comparing results to normative values. If such equipment is not
avaitable, you may presume that testing cannot be satisfactorily

completed at any frequency where your threshold is shifted by 5 dB
or more by the presence of ambient noise, You cannot correct for
ambient noise by subtracting the amount of shift in your threshold
from the results obtained for each child. Ambient noise affects
persons differentially depending upon whether or not they have a
hearing loss. Thus, if you find that the noise level is too high
for a given test frequency, you simply cannot test adequately at
that frequency. ‘

| Earphone placement. The -placement of earphones is imbortant. The

A\

tester should place earphones on the child and see that they are
properly aligned with the ear canals. Occasionally a child, in
placing the earphones, will not provide such an. alignment and may
even, in rare cases, fold the pinna over the ear in pulling the
phones on from behind. Also, if in testing you find a loss only

at 6000 or 8000 Hz, move the earphones slightly and re-test. Such
results may reflect the presence of standing waves in the ear canal
which will produce spurious results. If such a movement does shift
the threshold to a better Jevel, tecord the better level.

Unintentional cues. The mannerisms of thé tester may provide unin-

* tentional cues to the child as to when the tone is on and when it

is off. For example, if you look down at the test equipment, adjust
the hearing level dial setting, look up at the child, and then turn
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the tone on, he may be responding only to the fact that you have
looked at him expectantly. More subtle cues such as shoulder move-
ment, etc. .may be apparent to the child. Some testers have the child
face away to avoid this prob1em.i However, the tester then loses many

~valuable cues to responses in the form of eye movement, étc. Also,

without eye contact, some social reinforcement such as a smile or a
nod of the head cannot be used.

A good way to check for the possibility of unintentional cues
is to have a friend serve as a subject and observe carefully your
testing manner to see if any detectable cues are present. Similar

" to observable visual clues are timing cues which may be apparent.

Testers often fall into a rhythmic patterm of tone presentation.

The child may be“responding to an expected tone based on the past
rhythm-.of presentations rather than tc an actual tone. Again, fall-
ing into a rhythmic pattern may produce a higher rate of false alarms.
One solution is to vary the interval between tone presentations to
see that you don't fall into a rhythm pattern.

Misrecording or data. Misrecording of data may include two types

of errors. First is the simple error in recording data on the
audiogram form. B€ sure that you have entered the threshold at

the proper hearing level and for the proper frequency and ear. The
second type of error may be the intentiona’ nisrecording of data

such as occurs because of previous expectations. For example,: in
bone. conduction testing we often expect that the obtained score qﬂn////
be no poorer than the air-conduction score. - If in actuality we f1nd

a score which is 10 dB poorer, the tester very often will shift that
score to make it agree with the air-conduction score. In just such
a manner., we may expect a child to have better hearing than he is
demonstrating, and so accept any response which happens to occur during
the time the tone was on, rather than holding to the rather rigorous
response criteria descr1bed above. The tester's first reaction to
this type of information is "Who, me?", yet I would dare say that

all persons who test hearing have at one time or another misrecorded
data in this manner.

Audiometer cues. Just as the tester may provide unintentional cues
to the child, the operation of the audiometer may previde unwanted
cues. For example, a noisy tone interrupter switch or the overzealous
pushing of a tone interrupter switch may prqvide a clearly audible
click which the child detects. The child is not intentionally trying
to- cheat on the hearing test; however, when he hears -this click, he
is apt to imagine the tone is present and so signal. Other examp1es
of instrument cues include the reflection of a tone-on 1light on the
face plate of the audiometer from a shiny button on the tester's
clothing, the visibility of this tone light from the back of the
audiometer so that the child clearly can see the tone-sn light going
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on and off, or-the presence of acousti¢ clicks coupled with the
signal, as discussed under calibration. Again, careful chservation
is necessary to find and/or avoid this problem. o ‘

Fear of test situation.. Some children, particularly very young child- .
ren, may be frightened-by the circumstances surrounding the test. In
most such cases, simple reinstruction and/or inclusion of play-
audiometry response procedures will allow the tester to complete the
test. In addition to the play procedures involving placement of a

- ring on a spindle or dropping of a marble in a bottle, one might con-
sider such tasks as pulse counting or ear-choice methods. In pulse
counting, the child is told that he will hear either one, two, or
three tones and he is to tell you the number he hears. For some
children, this sort of procedure will make the task more game-1like
and thereby more pleasurable. Also, this procedure may help in cases
of children giving high rates of false-alarm responses. In the ear-
choice technique, the child is simply to point to the ear in which
he hears the tone and the tester randomly varies between the ears
rather than testing all frequencies in one ear first. Again, the

. task is somewhat more game-like and thereby more attractive to some

- children.

. To conETGde, the completion of manual puretone air-conduction
audiometry demands first that proper equipment, maintained and cal-
ibrated, be provided. Secondly, an adequate test environment must
be available. Third, the child must be properly instructed. Fourth,

a standard method of measurement.including both familiarization and )
threshold determination is to be employed. Fifth, the obtained results
are to be recorded properly on the audiogram blank, and finally, the
tester must avoid any ueﬁitentional cues which would influence the

test results. : :
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- TYMPANOMETRY TESTING PROCEDURE

. Set the equipment in. the "readi"-position:“

Impedance Audiometer turned "on." _ .~

°* Pressure dial set at "0." .~ -
,Sensitivity dial set at "off."  ° T B “
Recorder level in the "load" pos1t|on
Both edges of the recorder paper fastened down.

obtain a tympanogram:

Note if the air pressure needle reads "0."  If it does not,
call a consultant for adjustment of the manometer.
Examine the child's ear for excessive cerumin and to de-
termine canal size. “
Place a.PVC eartip on the probe and insert into test ear.
To obtain a seal, introduce +200 mm H0 pressure by rotating
~the air pressure dial clockwise. The seal is airtight if
the needle holds at +200 mm H,0 or leaks *by nd more than
20 mm H,0 <in 10 seconds.
If no seal can be obtained within 60 seconds , after trying
several styles and sizes ‘of tips, attémpt a seal in the-
opposite ear. If a seal cannot be obtained on the opposite
ear either, call a consu1tant for 1nspect1on of - the equip-
ment. -
If no sea1 -can be obtained w1th1n 60 seconds in e1ther ear,
~schedule’ thedch11d for a*reexam1nat1on and proceed to the
" next child. e
Turn sens1t1vaty knob to "T."

- Adjust the intensity knob until the comp11ance change meter

needle is on the red‘zero (0). -

Move the recorder lever from the load position to ™up," then
*move it to "down,“-a11owing the arm to stop in each position
momentarily.

Reduce the air pressure smoothly to at least -200 mm H20

by pushing the Positive-Negative switch to the left..

Put the recorder lever in the "load" position.

Push the air discharge button and remove the probe tip from

- the ear.

Repeat the procedure for the second test ear.’

o . \
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A NOTE ON TYMPANOMETRY .

~

‘ Tympanometry is one form of a group of measuréments known
as acoustic-impedance measurements. Acoustic-impedance measurements
describe the opposition encountered by an acoustic wave. Thus,
“acoustic-impedance measurements may. be used to chart the opposition
- provided by the tympanic membrane and middle ear structures to the
movement of sound,energy through the structures. Any change in the -
normal state of~“these structures will cause a change in the amount

of opposition encountered by an acoustic wave. S e

Two basic paframeters are involved in describing the middle
@ar systemn: compliance and impedance. Compliance is.an expression

; of the middle ear system's ability to transmit energy through the

tympanic membrane to the oval window. It is a measure of the mobil-
ity of ‘the system. Impedance is a complex ratio which describes the -

_-total resistance of the system to the flow of energy. It is a meas-
ure of the immobility of the sy$tem. ..

In tympanometry, a puretone is presented through a probe, tube

. to the tympanic membrane. .The amount of, sound energy reflected back

from the tympanic membrane {measured in acoustic ohms) describes the '

relative efticiency of the system. If much of the sound energy is-.
reflected off the tympanic membrane, rather than passed through the

oval window, the impedance is said to be high, and the system stiff

or less compliant than normal. This is often the case in-ears pre--

senting an otitis media, where the ossicular chain and tympanic

membrane are impeded by fluid. It is also seen in cases of

otosclerosis. The"opposite picture is generally seen in an ossicu-. S

—~.]ar discontinuity,where more than normal sound pressure.is passed A

through the oval window. Here the system is said to ‘be hyper- ~ . =~
‘compliant. . : . e L

In tympanometry, compliance .is measured under conditions of
varving air pressures in the external auditory canal. The range.of
pressure extends from +200 mm H,0 to -200 mm Hzc. Maximum compliance
or "ambient" pressure will be ogtpined at the point at which the air
pressure in the external canal is equal to the air pressur~ in the
middie ear. In a rormal ear, since the air pressure in the ear canal
and the air pressure in the middle ear are equal or very nearly equal,
maximum compliance will be obtained at 0 mm H,0. If the point of

_ maximum compliance is measured at -200 im H,0, there is:said to be:-
"negative pressure” within the middle ear, indicating that the

. tympanic membrane is probably retracted. Children with a:serous -

otitis media often show both reduced compliance and negative middle
ear air pressure, suggesting that-not only is the eardrum retracted,
but that the middle ear structures are not free to vibrate with max- .
imum efficiency. Incipient or resolving phases of otitis media may . o

1
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Show only negative internal air pressure wit® normal compliance. A
purulent otitis media may show positive internal air pressure. Thus,
many different conditions of compliance as a function of applied air

pressuré may exist. Several considered distinctive enough for .

classification are illustrated below.

JINYI1dHOD

W= -0 0 +100 +200
AIR PRESSURE

. normal . |

. negative pressure and reduced compliance

1
2
3. negative pressure and normal compliance
4, normal pressure and super-compliance

Tympanometry and‘the puretone audiogram

Substantial research evidence exists to indicate tiai air-
conduction/bone conduction comparisons are a reasonably inefficient
means of detecting all cases of active or past middle ear pathology.
Identification audiometry, wiiich involves only air-conduction measure-
ment, is even less accurate in such detections. The significance '
of tympanometry in terms of school hearing conservation programs o
is, therefore, related to its sensitivity in detecting middle ear

~ problems. Since hearing loss due to an otitis media typically

fluctuates, some children may not be identified by puretone screen-
ing, yet will show abnormal tympanographic patterns. Whether or
not there is an educational handica? accompanying the middle ear
pathology, regular audiological evaluation in conjunction with a
medical referral are required for proper management of the child.
For children presenting the opposite testing results, passing
tympanometry and failing on puretciie screening and threshold meas-
ures, the hearing loss is most likely sensori-neural in nature.
These children become an immediate educational concern. Thus, tym-

. panometry in conjunction with puretone audiometry allows the defi- °

nition of medically significant middle-ear problems as well as th
defini;ionnof educationa]]y significant hearing problems. o

°
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TYMPANOMETRY

- Tympanometry is one form of a group of measurements known as
acoustic-impedance measurements. In simple terms, acoustic-impedance
measurements describe the opposition‘encountered by an aeoustic wave:
Thus, acoustic—impedance measurements may be used to chart the-oppo-
sition provided by the tympanic membrance and middle ear structures

to the movement of sound energy through the structures. The tympanic.

membrane and the ossicular chain serve the important function of pro-

vidfng anvefficient transfer -of energy from the air-conducted sound
of the ear canal to the f1uid-cdnductee energy of the inner ear. Any
change in the normal state of these structures will cause a chapge
in the amount of oppositioﬁ'encountered‘by an acousfic'wave.‘ For ex-
amp]e, the presence of fluid in the middle ear such as occurs in otitis
media, may greatly increase the opposition or acoustic-impedance of |
the system. Since acoqstic-impedance measurements allow assessment
of this oppgsition, they provide the clinician with a means of deter-
mining the efficiency of the middle ear structures. From these measure-
ments, one may infer the presance or absence of certain midd]e-ear
pathologies. ‘

- Several terms are used frequent1y in describing this uzique meas-
urement system. The first term is impedance. Impedance is a eomp1ex

14

ratio which, we may define as the total resistance to the flow of energy

L s

~ or a measure of the immobi]ity of a system. Thus éeoustic—impedance

measurements chart the opposition to movement encountered by an
acoustic wave. The next term is omg11ance Compliance is def1ned

3s a measure of the mobility of a system and un1ts of compliance may

Prsd
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be used to express the mobility of the middle-ear structures.

The third term is-tympanemetry.  Tympanometry is an objective

measurement of the mobility or comp]iénce of the tympanic membrane
undef conditions of varying air pressure. Thus, to complete tympanQ
ometry; we must make measurements of the comp]iancé of the tympanic
membrane as we introduce changes in air pressure in ihe external
auditory canal. 1In review, impedanse is defined ag the tofa] oppo-
sition to energy flow while compliance is a méasufément of the mobil-
ity of a system. Tympanometry is the measurement of the comp]iahcg
of'the tympanic %embrane under conditians of varying air pressure in
the external auditory canal. | "

To assist in understanding these concepts further, consider sev-
.éral examp]es;” Note first that the tympanic membrane will be maximally |
pbmp]iant or mobile when the air~pressureiintthe middle ear is”equél‘
to the air pressure ip the external canal. Thus, in a normal ear,
since the air pressure in the ear canal and the air pressure in the
middle ear are‘equal or very nearly equal, maximum comp]iance'wi]]

be obtained ‘at.zero or ambient air pressure. However, consider a
|

Td with intact ear drums and poorly functioning Eustachian tubes

makimally compliant. Thus, when maximum compliance is obtained under
| R :

conditions of negative pressure, one knows that the tympanic membrane’
\ .
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a third tube is sealed in the ear canal and allows for the provision

is retracted. A second example might be the child w1th fluid in the

m1dd1e ear. In such a case, the middle ear structures are not free
to vibrate anq'the maximum compliance value obtained would be much
lTower than in cases with. norm==1 bidd1e-ear conditions. The intro-
duction of different air pressures into the external canal may alter -
‘on]y s11ght1y the compliance read1ngs s1nce the structures s1mp1y are
not free to move regard1ess of the pressure in the external canal.
In both of these examples of pathology, the resuits of_tybpanometry
wou1d first indicate that the~midd1é ear structures or cbﬁaitions' : T
were abnorma1 and second wou1d suggest the basis of the abnorma11ty g
Now let's consider how acoustic- .mpedance measurements may be
completed. A1+hough several approaches to the measurement of acoust1c-
1mpedance are ava11ab1e we sha11 limit our d1scuss1on to the use of
the electro- acoust1c impedance br1dge With this 1nstrument a pure-
tone signal called the ‘probe tone is. 1ntroduced through a tube which

is sealed in the ear canal. This s1gna1;str1kes the. tympanic membrane

and most ,of the energy is transmitted through the middle-ear struc-

tures. Howeuer depend1ng upon the compliance of th,ﬂ~1mpgn1,,mem- , v %fw‘
brane,-certain amounts=of energy are reflected back. \;‘;e;bnd tube,

a]so'seé1ed in the eer tahaT, leads to a miérophone which monitors -

the amount ef_ref1ected energy. ,Thelbridge is designed to compare

the ke1abionshjp betweeh the puretone signal-being presented to the

eerfeana1'and the reflected signal coming back to fhe bridgeo' This

‘comparison provides measurements of the.compliance of the tympanic

membrane in arbitrary'compTiance-uhits. For purposes of tympanometry,




of both pos1t1ve air pressures ‘and negative air. _Pressures to be -]
troduced into the ear cana]. Thus, the comp11ance of the tympan1c
membrane can be measured under varying conditions of air pressure :
in the external canal which, as you wi]]ireeall, was our definition G
of tympanometry. To recapitd]ate, three tubes, obviously very smaT],
are sealed in the ear canal. One transmits a probe toneT-a second

| allows for a monitoring of the ref]ected sound energy from the |
tympan1c membrane and the third allows for app]1cat10n,o variable | -
eair pressure 1n the cana]- we must emphas1ze’€ at. the*;:;;ose of ;va g
the probe tone 1s so]e1y to prov1de an acoustlc wave SO that we may«

 make acoust1c-1mpedance measurements of the system ~The 1nd1v1dua1
does not respond;to;the“tone and it is unimpontant whether he hears
the tone or not, since we are.making a measurement of the impedance,
Aof the m1dd1e ear structures, and not a measurement of the hear1ng
sensitivity of the total system. S1nce acoust1c-1mpedance measure-
ments do not’ require any'soecific response b& the individual, they.

may be completed on anyone who is cooperative to the po1nt of remain-

p I

A _ ing still for the short time necesfary to c0mp]ete the measurement.-

Thus, they can be comp]eted on. neonates,_mentally retarded children,

4

. and other difficult-to-test pat1ents. Also, such measurements can

bz completed under sedat1on
The s1gn1f1cance of tympanometry in terms of a sch001 hear1ng

conservation progran 1s related to its sensitivity in detecting

middle ear problems. Substantial research evidence exists that air-
conduct{on--bOneacons.Ltionvcomparisons are a reasonably inefficient

means of detecting a’i® cases of active or past middle-ear pathology.

AN P .
E s EY
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_pearing losses.

_—

Identification audiometry, which involves only air-conduction meas-

urement, is even less accurate in such detections. Thus, tympan-
ometry can become part of an identification audiometry battery which
will allow for the definition of medically éignificaht middie-ear’

problems as Wéli as the definition of educationally significant

129 | :
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PROCEDURES FOR COMPLETING TAMI FORM 74-1

Use only a dull, number 2 pencil. Erase any error completely;
- smudges will be misinterpreted by the computer.

.Complete the heading blocks firsf

- Blacken the designated area to the prrnted bracket, being certain
to cover the number (or letter) comp]ete1y If necessary, go over
the number (1etter) several t1mes to insure a fu]]y blackened area.

Stay in the correct co]umns.

A. Section 1

1. Heading: complete the heading to the following sub-
sections: ‘ ’

a. District number
b. School code

2. Sense-mark areas: ‘fill in sense-mark areas for the above
_ sub-sections. = o '

3. Exam date will be completed by volunteers on the date of
" examlnatlon ‘ : .

-

B. Section 2

i. Heading: enter asvmany letters of the child's last and
first names as space allows. Enter the middle initial.

2. Sense-mark areas: starting in the first column for the
last name, blacken the appropriate box beneath the letter
of the name. Be careful to stay in the correct column and
to blacken the areas completely. - \

C. Section 3

1. HEadingﬁ student numbers have been prov1ded by the TAMI
Project. If unnumbered forms are used, student numbers
will be prov1deg\q\\the time of examination.

2. Sense-mark areas: h\re TAML numbers are prov1ded blacken
sense-mark numerals. ‘The right-most digit in the number.
(i.e. the digit in the “qn1ts" position) must be .entered in
the right-most column. -




D. Section 4
1. HeadinQ:,.ehter child's birthdate using numerals. Ex-
ample: 1if the child's birthdate is June 9, 1964, enter
060964. v ’
2., Sense-mark area:. blacken appropriate numbers.

E. Section 5

Blacken the child's equivalent grade level. Be certain to
fill in the area completely for grade. '

F. Section € !

“Blacken the box corresponding to the child's most representa-
tive ethnic group Native American is’ the same as American
Indian.

G. Section 7

Mark YES if the child {s known to have a hearing loss;
Mark NO if he does not have a hearing loss;
Mark UNK if the child's hearing status is unknown.

H. Section 8
Blacken the box corresponding .to the child's sex.

- 1. Sectfon 9 .

1. Two left most columns: enter the number of absences :
which the student has accumulated since school began : ¢
in September.

2. Middle two columns: enter the child's equivalent grade
level for READING. Use two digits. Example: For a -
< child reading on the 4th grade level, enter "04." -
' " Record "90" for children reading below the first-grade
level.

3. Two right-most columns: enter the child's equivalent
Tevel for ARITHMETIC. Use two digits. Example: for
: _the child functioning at 5th grade level in arithmetic,
- , record "05." Record "90" for children functioning below
¢ .the first-grade level. ’

st

Many thanks for your help! You are making it possible to test far
more children in a limited time than would otherwise be possible.

, - 135
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( ) | PROJECT TAMI QUESTIONNAIRE
' ADMINISTRATIVE STAFF

<

We rea11ze that it is the end of the school year with sub--
~ sequent pressures on your time.. However, we would appreciate your
: careful- thought to the f0110W1ng questions and your prompt return
v of this form..  If possible, we would appreciate your either return-
ing the forms to the Speech and Hearing Supervisor of your town or - . /
‘sending 7t d1rect1y to the TAMI staff at their off1ce by June 30. -
o ‘ The address is: , , F
: : v Proaect TAMI ‘
— - Capitol Region Education Counc11
: 443 Windsor Avenue
N1ndsor, Connect1cut 06095

. ) Please feel free to add comments as you a3sire. It was
very enjoyable working with each of you. You have all been excep-
tionally cooperative and your continuing interest will go a long : {.
way towards making the future of the TAMI model a success. Thank
you all for working so hard.

Respondent's position District/Town

o

1. How interested are you . in continuing to have tympanometry incor-
porated in the hearing screening program in your school(s)?

Greatly interested

Generally. interested |
Not particularly.interested
Disinterested

H

| 2. How feasible is it to complete mass hear1ng screen1n5 testing in
your school within two-four days? _

Completely feasible | . r
Generally feasible . 7
Not particularly feas1b1e “ i
Infeas1b1e _ ' ’

H‘

3. Given the requ1rement for a "s11ent" room (d1ff1cu1t, we rea11ze,
in a public school), what js the likelihood that such a room for i
uretone testing (such as.that ut111zed for TAMI) could be used
gor up to three days. "

Such space can be guaranteed

P0551b1y found i :

Not Tikely 'to be found ST
Unavailable .

e ——
———————
e ————

- —————

y
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How strong]y would you encourage your town/board of educat1on
to invest in a tympanometer within the next three years?

Strongly encourage

Generally encourage
Discourage i

A«tl |

Strong]y discourage

In your op1n1on, shou]d the detection of abnormal middie ear
“conditions (as provided by Tympanometry) be incorporated
routinely in the health services provided by your schools?

o

Definitely "yes"

-

Generally "yes" ' , . ’
Probably not «
Def1n1te1y not

o

H

How often are the audiometers in your d1str1ct sent out for ser-
vice and -recalibration? ‘ 4

»
4

Every Six months

Yearly

Every other year ‘ . —
Every third year o

Less often

HH

Given the size of the Proaect and the tlme Timits under which it
had to be administered, how efficient was the execution of the
TAMI Project 1n,your schoo](s)? _
Except1ona11y efficient

Genera]]y eff1C1ent

Somewhat 1neff1C1ent ‘ ; s

H l-

Ineff1c1ent R '

\
Given the same consfra1nts as 1in #7, above how much d1srupt1on
was there of your school's daily routine?

Complete disruption
Generally disruption -

Some limited disruption
No disruption at all

[
N




10.

1.

12.

Comments received from teachers about TAMI.have been generally:

® 4

Strongly positive
Generalty positive
Somewhat negative
Strong]y negative.

l~ll

- Comments you have- rece1ved from nurses and speech and hear1ng

¢linicians have been:

Strongly positive ,

Generally positive ‘ B e
Somewhat negative |

- Strong]y negative

IH

Comments from parents of’%he children tested have been: @

Strongly p051t1ve
Genera]]y positive
Somewhat negative

H'l

Strong]j_negative

Did your school(s) have adequate advance notice (including news

coverage) of the project?

Def1n1te]y "ves" . ' o
Generally "yes"

Generally no’

Defiqite]y no °

i l'l

Again, thank you all.for working so hard. We hope that we have a

o~

chance to meet again soon. Have a nice summer.

- \\\\;;///% - Sincerely,

THE TAMI STAFF

“ . v ’




o

TAMI FOLLOW-UP QUESTIONNAIRE— - .
(Nursing and Clinical Staff)

' B .
Respondent s Job Classification
District/Town’ ‘ °

1. INTRODUCTORY INFORMATION

A Meetings ' ‘ '
- (1) Did the supervisory meet1ngs meet your spec1f1c needs

for:
YES NO

2a Information for your staff?

b) Information for administration?
2 Information for parents?

d) Information for voiunteers?

N

(2) What other §pecific information could have been included?

" B. Handouts/Ma11ed Information
(1) Did you receive the pink TAMI data sheets well enough in

advance? Yes . .
If not, how much Tead time wo Td you prefer?

(2) D1d you rece1ve adequate 1nstruct1ons for:
= YES  NO

»

ia) F1111ng out forms?
b) Organizing volunteers? - :
(c) Obtaining adequate test s1tes?

(3) Have you found the various fact sheets useful?

YES . NO

(a) Note on Tympanometry |
(b) Note on puretone screening . . !
(c) Referral form . f

(4) Suggestions and Comments

II. TRAINING SESSIONS

A. Puretone )
(1) Was there adequate theoretical d1scuss1on7

YES NO

- 2 2a) puretoﬁe screening
.(b) puretone threshold

“i3y
13




. {
(2) Was more written/handout information felt necessary?

e B - YES NO

(3) Were our instructions on péoEédﬁ?éEmETéaf”éhdugh?' ~~~~~ S
YES_. __NO 1If no, please comment ' k

3

" (4) Was enough time spent on the theory and procedures for
obtaining puretone results? YES NO

(5) Do you fee1 that you gained'new.skiP1s in:
" | - ) - YES NO

(a) puretone screening
(b) threshold procedures
If no, please comment

Y

. A - — !

(6) What in the puretone presentation would you suggest for
retention or change in future pre11m1nary workshops to an
1dent1f1cat1on program?

B. Tympanometry
(1) Was there adequate theoretical diccussion? =
: ’ _— YES NO

(2) Was more wr1tten/handout information felt necessary7 '
) | | I
(3) Given the time limitations, do }ou feel that you gained
© sufficient know1edge of how to run the tympanometer?
YES : PO

e 1dent1f1cat1on ~audiometry program?

(4) What in the tympanometry presentatlon would you suggest for
retention or change in future prelikinary workshops. to an

¥

ITI. FEEDBACK TO PROJECT

A. Personnel (Nurses and C11n1c1ans)
(1) Puretone ‘
(a) Are the nurses and c11n1c1ans w1111ng to use the ASEA
model, i.e. screen1ng at 1, 2 and 4 K $é7 0 "
: S___ N

Ifzno, why? '

. 138
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b ~

| (b) Do you feel you'gained_new skills in:
screening procedures - YES NO
threshold procedures - YES_ NO

(c) Do you feel a need for more or less supervision on:
e . scCreening procedures MORE - LESS
“threshold -procedures _ MORE___ . LESS

, (d) Was supervision adequate at the time of test1ng?

; . YES NO
. ~ If no, please comment__ . -
~ (2) Tympanometry , ,
~(a) Do you feel you ga1ned the sk1lls to use tympanometry
in the future? N : " YES NO

" (b) In what areas do you feel weak?

21; obtaining a seal
2) working the instrument
23; troubleshooting equipment breakdowns
4) calibrating the equipment
~ (5) setting up and taking down the equ1pment
) o 6; interpreting pass/fail
I 7) interpreting tympanographs .
8) recording data .
(9) other

IIIIH'IIF

(c) Do you feel you have a basic understand1ng of what
‘ tympanometry measures? . 4 YES NO

(d) Was superV1S1on adequate at the time of testing? .
YES NO

53

If no, please comment.

2

) B;V Adm1n1strators B
“(1) Puretone

]

tifying children with hearing lesses, do you think. _you
. can effect any changes in the cond1t1ons under wh1cn
you must do .puretone test1ng in the future? RN
' YES .. NO

«/'

If no, please comment

(b) Is it pcSS1b1e for your School system to complete
puretone testlng W1th1n 2-3 days per school?’
YES NO

o 139

(a) Con51der1ng ‘the effecttveness of the project in iden- .




o ey

UL T AT
- .

e s ’ | D
(2) Tym nometry ' V | ' '

(a) Would the administration support the use of tym-
panometry in the future’ - YES NO

(b) Do you expect that your towri will irivest in tym-
panometric equipment in the future? YES NO

. (c) What financial aid for purchasing and maintaining
' “audiological equipment do you have? (i.e., Lions,
Rotary, school board, PTA, etc...) + i

(d) If tympanometers were available through CREC, in what S
~_month and for how 1ong would you want_to use. them’ . o

C. Teachers
(1) Were your®teachers generally cooperative: |
~ (a) in getting ready for TAMI? "YES NO

(b) during testing? . - YES__ NO

(2) What was the nature of the1r response7
Positive Negat1ve
Please comment .

LU

0. Parents

(1) Have the parents of your town supported the use of
tympanometry7 Genera] comments

(2) Do you know what percentage of parents\fo11owed through on
S the Project's recommendations? , -

(3) What was the genera] fee]ing of the‘parehts involved as .
volunteers?

o

‘(4){Nou1d-you empioy volunteers in a;future~project?

e ’ . 1

Bs

, ' IV. REFERRAL COMMENTS | , ‘ ' ' . . ;

A. ’ Referral .

(1) How much time e]apsed between the comp]et1on of test1ng
and /when you rece1ved the student 11st1ng7

-




-

‘ (2) How much time has elapsed between the return of the
T TAMI data and referra17 .

#

(3) Are you referring the borderline cases? (i.e. "2NN3""
1n one ear and normal puretone results). YES_ . NO

(4) Do you genera11y refer to an otologist-or 1oca1 pediatrician?
Often Se]dom Never

B. Medical Response to tympanometry referrals .,

T - (1) Has your school discussed ‘tympanometry with your doctors7
=7 " {hat were_their comments?___

wlth lnformatlon about tympanometrv’ . o I

C. Follow-Up Procedures

(1) Do you arrange to retest each child placed under med1ca1
care? . - YES . __ ‘N0

{2) Who (nurse'or c11n1c1an) consults w1th the classroom teacher:
when a spec1f1c child is referred?

- . Y

V. FUTURE CONSIDERATIONS FOR AN IDENTIFICATION PROGRAM
(1) Do you plan to use the TAMI model in the schools for

Next year? YES_ N0<
In the future? , YES , NO

(2) Do you feel a program like TAMI has in any way changed the
working relationship between the nursing-and speech and
hearing staff? v : YES____ NO____

If so, how?

(3) Would you consider doing a s1mi1ar team approach” in the
future? » _ YES____ NO___

(8) Qo you see a need for ongoing consu1tat1on and/or training
in:

Puretone screening . YES NO
Puretone threshold - - YES NO
Tympanometry YES_ . NO____

(5) Would you be 1nterested in an Impedance workshop next
fal1? , ) YES____ - NO____

Areas of interest a

——

Y




" (6) Did any nurses or speech and hearing staff outside of
those involved in TAMI express an interest in future-
workshops and 1dent1f1cat1on programs of this sort?

YES _NO

(7) Under what format~wou1d you 11ke to use tympanometry in
the future?

Kindergarten only
K and first grade ;
K through third B \

- K and rescreen only -
Other _— ,

Thank you for your assistance and cooperation in attainiﬁg this addi-
tional information.

Have a nice summer.

‘Sincerely,

The TAMI staff




, Date of Screenindv

 results were as—follows:—

SAMPLE HEARING SCREENING REFERRAL FORM

School
District__

Name 3 , . °

a

Dear Dr.

The above-named child pé?tfcipated‘in bur'heafing screéh;
ing program. We refer him to you for medical examination. Test

'(1) Puretone Screening - . s
Right Ear  *.  Left Ear
Pass ’
D , . -
Fail.

(2) Puretone Threshold

. .Right Ear o Left Ear

Within normal range o
(0-20 db HTL) -~ oo

Mild Toss (20-40 db

Co ] HTL)
, 3 Moderate Toss (41- 55

//-: T ) db HTL) _ | ! ‘
x Severe loss (56-70  _
db HTL) -
(3) Tympanometry | :
 Right Ea o Left Ear -

Normal middle ear pressure; normal middle ear comp1iance
Negative middle ear pressure; normal middle ear compliance .
Normal m1dd1e ear pressure reduced middle ear compliance

Negative ‘middie ear pressure; reduced middle ear ‘compliance_

e

i




MANAGEMENT SERVICES RECORD
© Name of Child |
TAMI 1D #

_ Date of Report L ‘ o
Date Ident1f1ed R ~ , . N

el

. SCh001 . - . S e
C1ty T _ ,
- s
Profess1ona1 respondent(s) completing this form: ' _ ‘ . ”

(Comp]ete all app11cab1e jtems in each sect1on)

e

IR‘ Resu]ts of TAMI Hear1ng Screening - o
___Passed puretone threshold < Fa11ed puretone threshold
f Passed tympanometry Fa11ed tympanometry
. 1. TAMI Referral -Statement Recorimended _' N o

Educat1ona1 management«
Med1ca1 management ' .
T _Both ' )

““””““"““‘“~—-Mu1ﬂLmun__~‘_’_ |
| III. Status of Referral - T ~ —_— ]
Not1f1cat1on -of F1nd1ngs Made to :

# Phys1c1an
__Schogl nurse
: Lang., Speech and Hear..Clinician , .
~ . . __School principal = . S : R
ERE Classroom Teacher '
o o Parents -
e e her (Spec1fy)

I

,‘Medica1 ‘Management and Intervention .

___Physician's management __._in process ___completed  ___c¢ontinuing °

__Otolpgist's management —__in process __completed ° ___ continuing

/ .
'Recommended Med1ca1 Intervention

Record’ Procedures Used (1 €., wax remova], surgery, etc )

w

Date_____~_____ - W..
Medical Findings ’ .
o : Conf1rm results of hearing testing . -
T Do not confirm results of hearing test1ng - o -

Rgcommended Medical Fo]]ow-Up-

: Recheck by manag1ng 1.D. Date ’
—_Surgery by managing M.D. . Date
Referra] to - Date
o N . . Other_-_ " Date -

138 ¢




Educational Management and Interven

__Lang., Speech and Hear. Clin
___Audiologist
C]assroom teacher

Recommended Educat1ona1 Intervent1o
Preferent1a1mseat1ng

' 7 Hearing aid !

" Language and‘Speech services

PPT conference
C]assroom teacher conference
Parent conference
Tutor1a1 help
~__Special class placement (t1t
No further management
" Other (specify

tion
ician in process
. in process

__completed
___completed
___completed

continuing
continuing

in .process continuing

n

'

1e and 1ocat1on

Recommended Educational Follow-up -
___Preferential seating
He="ng aid assessment
~ PPT referral

Classroom teacher conference

Parent conference

—__Hearing rechecks

-

I

’bi-mo

' Aud101ogiEET‘MEﬁEgementﬁand~%ntep¥e

___Audiologist
Nurse
Lang s Speech and Hear Clini

Rescreen Date

)

nth]y ___monthly __;guarter]y __annually -

1n process
—__in process,
—_in process

pfeted-~—cont1nu1ngﬁ_*
comp]eted ___continuing

ician comp]eted cont1nu1ng

<?

T Results :
’ Pass:.
. Faii:

Comp]ete Evaluation _ Date

Tympanohetric
RE___LE__
RE___LE___

_Audio]ogica]’.
RE___LE__
,RE_;__LE____

Results
- - Type )
) Degree 0

f loss:
f 1oss:

___Conductive

___Sensori-neural
LE

RE

- normal

Comments: s =

-moderate

Recommended Audio]ogica1}Fo11ow¥ﬂb

Hear1ng aid manage'nen+
Referrdl to

severe

Date

7

___Hearing -recheck-

bi-monthly
month]y
quarter]y
annua]]y
___Other (Specify

Aud1o1og1ca1 Tympanometric

/

)

Audiological Findings
___Confirm resuTts of TAMI heari

ing screening

Do not confirm resu]ts of TAMI hearing’ screen1ng

e 13

()

_]




AUDIOMETER CALIBRATION WORKSHEET ' j\
. ' - DATE ,

IDENTIEICATLON INFORMATION: EXAMINER ,\\
Owner -NAME
# .
Model
Year
Serial Nq. )
TAML # ' -

Physical Characteristics (Mechanica]ﬂConditibn) }

‘Dials (Loose, malaligned, clicks?)
" Knobs (Loose, noisy?)

Earphone Cushions (Split, deteriorated?)
Cords (Split, frayed?)

Noise During!Test s(Extraneous noise)
A:teruator Hum (dirty?)

» Radiation from Chassis (oscillating?
components)

Power supp]y.hum ' - 0

- Clicks when changing Int. or Freq.
Other '

GROSS AUDITORY TEST

Set at 1000-Hz, 70 dB, HTL, tone on. Jiggle
earphone -cords back and forth one half turn.
If tore is intermittent, either the cord is

Cords

1oose or defective. First try to tighten screws. .

If there is no change, replace cord.

‘Set audiometer at 40, dB HL and increase intensity;

Power Hums
» 1isten for any random signals. -

Rise Tim ‘Move dials (attenuator and frequency) and inter-
¢ rupter switch. Judge if there are any audible
c]ick§ above threshold levels.

Set at 2000 Hz and: increase intensity in 5 dB
steps. Give gross estimate of uniformity.

14y
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T 18

"TEST FREQ.
PHONE

ATTENUATOR LINEARITY:

_ TAMI FORM 74-

DATE —

DIAL
SETTING
Bz

LEVEL

MEASURED-
SPL ~

LINEARITY
VALUE

110

&

105

100

" 95

85

70

65

60

L B

_ 45

- 40

35

30

25

20

16

10

5

* (3.5-6.5dB TOTAL RANGE)

OVERALL LINEARITY

MAX. SPL

"MIN. SPL —

\

‘ 142

148

4B I
(+54B TOLERANCE)
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L | . TESTING FACILITIES AND SCHEDULES

District - ' - Principal

" . School . Nurse

’ Initial Test Date - E Speech Clinician
- Rescreen Tesi-Bate :

Testing Rooms: Names and/or‘ﬁumbers

Y 2

A}

... Schedules

Num., Chn. in: " Num. Classes for: ~ Room Nos.: Times Available:

\

KAM ¢
KPM: .

st

ond  ® : o P

3rd”

5th ' -

s ta B
I ... DOther_

.Arrival/Dismissal times: Recess times: ~Lunch times:

KAM R ) | \. - T

KPM___-

Ist 4

2nd ( | e
3rd e i |

Other - 5.

T . »

" OtHer times not available for testing: »

%

150
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